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A STUDY OF THE PRESENT CALIFORNIA 
OIL SITUATION' 


JOSEPH JENSEN 
Amalgamated Oil Company, Los Angeles, California 

The oil industry wants California to answer two vital questions, 
and California is just as interested to know the answers to the 
questions as is the oil industry. These two questions are, first, 
“When has, or when will California reach the peak of the present 
overproduction of oil,” and, second, ‘‘When will the consumption 
of California and the western seaboard equal or exceed the pro- 
duction of California? The oil industry wants answers to these 
questions, because California production now affects the oil markets 
of the world. California desires answers in order that justification 
may be had for the policy of storing oil, and building new storage. 
If an excess of oil for storage is to continue indefinitely, no organiza- 
tion is large enough to meet the situation. If the condition pro- 
mises to have an end, it is important for California that as much oil 
be retained within the state as possible. Neither the industry nor 
California can continue indefinitely under the present load. The 
purpose of this paper is to discuss these two questions and consider 
the factors bearing upon them. 

Careful study leads to the conclusion that California is producing 
its maximum at the present time (September, 1923), and that there 
will be no surplus production during the latter part of 1924, even 
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assuming that, beginning in January, oil now shut in in the older 
fields is produced as freely as oil is now produced in the newer 
fields. ‘These conclusions are based upon a study of conditions in 
all of the fields. Becduse the Santa Fe Springs, Signal Hill, and 
Huntington Beach fields are of more interest at present, they will 
be discussed more fully. 

The production of the older fields in this state can be estimated 
with reasonable accuracy because there is little flush production 
involved. Table I gives data relative to these fields. 


TABLE I 


PRODUCTION OF AND Data RELATIVE TO OLDER CALIFORNIA FIELDS 


Ne. of Approx. July, April, Sept., 
Drainage Remarks 1922, 1923, 1923, 
Field ducing Area per (Figures for wells shut in are Daily im | Daily 
Wells Well in only approximate) Prod. Prod. Prod. 
Acres in Bbls. | in Bbls. | in Bbls. 
Kern River....... 2,166 2.4 — production. Few wells} 19,500 | 20,193 | 19,003 
t in 
McKittrick....... 277 2.0 Seitled production. Few wells} 6,000 6,221 6,070 
shut in. 
Midway-Sunset...| 2,078 5.0 464 wells shut in. Some drilling] 73,200 | 70,704 | 74,645 
possible. Slow decline. ‘ 
ee 04 8.0 s9 wells shut in. Additional dril-| 23,700 | 20,806 | 22,321 
ling possible. 
Lost Hills—Belridge 284 4-5 220 “= shut in. Little drilling} 3,800 | 6,408 | 3,702 
possible. 
6.1 543 wells shut in. 13,211 | 13,236 | 14,198 
135} 10.5 production. No new] 6,400 8,858 8,365 
Watsonville....... 6) 
Wheeler Ridge... . Future uncertain. New drilling 285 2190 509 
possible 
and Ven- 
“ ae 538 | Scattered} Slow, well controlled increase. 10,632 9,940 | 10,097 
ol Salt Lake.. 276 2.5 No new drilling. Many small ee 6 ’ 
322 Scattered producers scattered. “99 31399 3,179 
Montebello- 
Whittier........ 300 Scattered] Steady but gradual decline. Some] 12,000 | 15,118 | 12,118 
production shut in. 
ee III 5.0 117 wells shut in. 19,396 | 11,619 2,834 
Fullerton......... OM. Bissivanee Future uncertain. Deep sand dis-| 11,200 | 11,225 | 10,7 
cover 
RichGeld . ........ 176 4-4 New deep sand contains only| 16,500 | 18,020 | 15,090 
heavy oil. 


There are three new fields in the making, namely, Wheeler 
Ridge, Torrance-Redondo, and Compton. Each of these has a 
certain potential value, which is summed up in the following para- 
graphs: 
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Wheeler Ridge is a new field at the southern end of the San 
Joaquin Valley, having a very closely compressed anticline. Some 
new production will be secured, but thus far the field has not indi- 
cated that it will have a very large production. One well was com- 
pleted in July with an initial daily production of 285 barrels. Only 
9 wells are drilling, with one new rig erected. Estimated January, 
1924, production is 30 barrels a day; estimated December, 1924, 
production is 400 barrels a day. 

The comparatively new Torrance-Redondo field has 39 produc- 
ing wells from which 6,000 barrels per day are secured, the best well 
only producing goo barrels per day. If no larger wells are secured, 
the field will hardly make up for the decline in production of older 
fields. Most of the land is held in large tracts and by large com- 
panies which will not drill it too rapidly. It is possible that deeper 
sands will be found, and that when the crest of the structure is 
located, larger wells will be secured. Estimated January, 1924, 
production is 8,000 barrels a day: estimated December, 1924, 
production is 25,000 barrels a day. 

The Compton field, the latest discovery in southern California, 
will unquestionably be a companion to Huntington Beach and 
Signal Hill, for geological conditions are much the same in all three 
fields. Dominguez Hill, on which the discovery well is located, is 
a much more prominent topographic feature than the elevation at 
Huntington Beach. The discovery well came in at g50 barrels per 
day, and has since increased in production to about 1,300 barrels. 
Deeper sands may be expected, and also larger wells. Estimated 
January, 1924, production is 1,000 barrels a day; estimated De- 
cember, 1924, production is 10,000 barrels a day. 

The presence of the undeveloped fields at Wheeler Ridge, 
Torrance, and Compton will not affect the present peak of produc- 
tion. Santa Fe Springs required from October 28, 1921, to Jan- 
uary, 1923, to reach a daily production of 90,000 barrels; Long 
Beach required from June, 1921, to January, 1923, to produce 
100,000 barrels per day; Huntington Beach required from June, 
1920, to January, 1923, to produce 80,000 barrels per day 
(Fig. 1.). 
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From the foregoing data it will be seen that more than a year’s 
time was necessary to bring each of the big southern California 
fields to a production of 100,000 barrels. The cause of the rapid 
increase in production from these three fields was the location of 
each of them in an area consisting almost entirely of small parcels 
of land. This resulted in close spacing of wells, and rapid competi- 
tive drilling. Even if the new areas were drilled as rapidly, it 
would take a year before they would be factors of material impor- 
tance. Fortunately each of these three fields contains many large 
tracts of land and the companies holding them have always con- 
ducted their operations conservatively and with relation to the 
general oil situation. ‘The fields will not be drilled rapidly and will 
not reach their peak of production for at least two years. When 
this peak is reached, it will not be as high as Santa Fe Springs and 
Signal Hill. 

As will be shown below, the production of California will prob- 
ably fall below its indicated future consumption. The difference 
between consumption and production will represent a margin of 
safety for any intensive development which may occur in new fields 
where small parcels of land induce rapid drilling. 

The most difficult part of this study is to determine the future 
production of Santa Fe Springs, Signal Hill, and Huntington Beach. 
Among several methods of estimating their future production three 
have been used. 

The first, or method A, bases estimates on the time of comple- 
tion, initial production, and decline of each well as determined from 
a decline curve. The second, or method B, makes estimates by 
multiplying the daily average production per well by the total 
number of producing wells. Each of these units is determined by 
projecting curves of the past into the future. The third, or method 
C, consists first of estimating for each month the average rate of 
decline of wells producing at the first of the month, and adding 
the estimated new monthly production after deducting one-fourth 
of the new production to represent its decline during the month. 
In order to determine the rate of decline of existing production as of 
the first of the month, the decline of production existing on the first 
of April and each succeeding month has been segregated. This 
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shows that as to each of such items, the rate of decline after the 
first month is more gradual than during the first month. The 
existing production as of September 1, was declined during the next 
four weeks at a rate suggested by the actual decline of the produc- 
tion existing on the first of the several preceding months. The 
amount of the estimated new production was secured by projecting 
the average daily initial production per new well into the future 
and multiplying it by the total number of new wells each week. 
This last item was an average secured by plotting the number of 
new wells completed in previous months. The product secured by 
multiplying the average daily production per new well by the num- 
ber of new wells per week, represents the total new production per 
week. The total new production per week in weeks past was also 
secured from a curve and by trial, the future new production was 
made to agree with the product secured by considering the other 
two items separately. 

Each of these methods is subject to certain criticisms. Method 
A almost invariably gives estimates higher than actual production. 
This is due to the fact that every well is assumed by this method to 
be completed. The rate of drilling may be assumed to be slower than 
actual practice to adjust this feature and to take care of drilling 
delays. The effect of assuming that every well will be completed, 
resuits in having too many producers. In attempting to estimate 
what new wells wili produce, one is prone to be too conservative on 
the wells to come in within a few months, and not conservative 
enough on the wells to come in several months hence. This makes 
the results of method A appear very conservative the first month 
or two, and too high later. It is very difficult, where drilling is 
close, to estimate what new production will be three or four months 
in the future. While estimates made by this method in the past 
have usually approximated actual production, it has usually been 
the practice to revise at short intervals estimates made under 
method A. The method requires a most intimate knowledge of 
conditions existing in the field, is cumbersome because of the large 
number of wells to be considered, and does not take into account 
difficulties such as casing trouble and the encroachment of water 
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which may arise with producing wells. Method A has appeared 
attractive and reliable because the production of early producers 
was estimated lower than these wells came in. The wells that 
failed to come in were not missed, since the total of actual 
production later recorded agreed fairly well with the estimate of 
method A. 

Method B is the quickest in making a forecast, since only two 
elements are considered—average daily production per well and 
number of producing wells. Thus far, in these three fields, the 
change in the two factors mentioned has varied from week to week 
less than any others. More units are involved and any changes in 
the future will therefore be less marked. Main objection to the 
method is that it must assume fundamentally that conditions will 
continue in the future as they have in the past. This cannot be 
so, for eventually the field will be drilled up, and problems which 
formerly were negligible because of the high gas pressure will more 
and more assert themselves. Since the amount of probable future 
production promises to be less and less, the ability of the small 
operator to re-finance by paying out of oil becomes less certain, 
which means that more drilling wells will fail to be completed than 
in the past. Another objection is the fact that it does not take 
fully into consideration water problems which are now beginning 
and promise to be very important in the future. 

Method C is somewhat longer than B but is very much shorter 
than A. If the southern California fields had not been subject to 
frequent prorating and to partial shutting in of wells, the decline 
of the production existing at the first of each month would have 
been more regular. Despite this condition, the rate of decline 
during the first month for the production existing at the first of 
April and on the first of months following has been fairly uniform. 
When there are no more completions, the old production may be 
expected to decline in subsequent months in much the same manner 
as did the production of April first and months following. The 
decline will be less rapid than this, rather than more rapid, for the 
reason that when a field is fairly well drilled up, the production will 
be more settled, and each well will decline at a slower rate than it did 


j 


8 JOSEPH JENSEN 


in the earlier part of its life. As the old production will in the 
future be an increasingly larger component, under method C, than 
the new production, it is clear that the decline of the total production 
of a field following the first of each future month should be assumed 
as a less amount than that indicated during the earlier life of the 
field. In the application of method C on these curves, this element 
was neglected because it could not be weighed and therefore the 
same rate of decline following the first of September was applied 
every four weeks. The other component in method C, new produc- 
tion, shows a greater variation from week to week than any other 
element. Obviously any attempt to project it into the future will 
be affected by this condition. ‘The number of new wells completed 
each week has changed almost as markedly from time to time as 
the new production has changed. However, as the total new 
production for the week is estimated by two methods, that is, by 
considering the new production itself and by multiplying the average 
daily initial production per new well by the number of new wells 
per week, some of the disadvantage of this great variation has been 
eliminated. 

In the curves for the three fields which are submitted, the final 
estimate of average daily production in the future has in most cases 
been assumed to be less than the figures shown by any of these three 
methods, in order to give weight to factors which none of the 
methods are able to consider. These factors are the rapid decline 
in gas pressure, and the increasing effect which water problems will 
have in the future. 

Santa Fe Springs.—Production in the Santa Fe Springs field has 
climbed from 86,000 barrels in January, 1923, to a peak of about 
350,000 barrels about the first of September (Fig. 2). The increase 
has not been so regular as it might have been, because some produc- 
tion has been shut in. 

Under method A, its peak production would come about Nov- 
ember 15, and be 403,000 barrels. ‘This estimate is much too high 
and will not be attained by the field. 

Under method B, a lower estimate is secured. The two com- 
ponents on which this curve is based are average daily production 


per well, and the number of producing wells, The 
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average daily 


production per well rose from 1,250 barrels in January, 1923, to 
2,400 barrels in May, and has since declined to 1,600 barrels. A 


350900 


1923 192 
JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT Nov DEC | JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC 
| | | | 
| \ | | 
{ | 
| 
| 
AVERAGE BAILY PRODUCTION! FOR FIELO > ™ 
= 
| 
| 
} 


== | 


R WELL AND PRODUCTION DATA | 


| SANTA FE SPRINGS| | 


EXPLANATION OF DERIVATION oF |__| 
AVERAGE DAILY PRODUCTION 


ZONE PRODUCERS 


TOTAL! NEW PRODUCTION V 


NEW 


+— A CURVE REPRESENTS RESULTS 
| SECURED BY ESTIMATING TIME OF | | 
COMPLETION AND INITIAL 
} | TION OF NCW WELLS, AND ms Ss 
| | DECLINE OF OLD AND NEW weuts | 
| ACCORDING TO DECLINE CURV | | 


B CURVE REPRESENTS : RESULTS 
MULTIPLYING DAILY | 
THE i 


|_ TOTAL NUMBER OF PRODUCING WeLLs.| 

| C curve REPRESENTS: RESULTS | | 

| SECURED BY COMPARING PAST | 

—t-——| DECLINE OF TOTAL PRODUCTION - 
| | OF WELLS PRODUCING THE FIRST 


ouerion FOR EACH FOUR WEEKS. 


7 | AVERAGE pane 
| PER 


= w-4--4--4-- 4--4 DECLINE OF PRODUCTION EXISTING 
or PER WEEK | | | 


D CURVES REPRESENT: THE ACTUAL } 


HE BEGINNING OF THE CURVE. | 


| 


DRILLING IN |rve 
| 


| T 4 
|_| | 


|_| 


tt 
| 


| 
| | 


JAN FEB JULY OCT NOV DEC 


1925 


JAN FEB MAR APR MAY JUNE JULY AUC SEPT OCT NOV DEC 
1924 


Fic. 2 


continual decline in the future to 400 barrels by June, 1924, is 
expected. The number of producing wells has increased regularly 
from 70 wells in January, 1923, to 200 wells at the first of September. 
An intimate knowledge of the field leads to the belief that the num- 
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ber of producing wells will not increase indefinitely, but when 
approximately 320 wells have come on production, new wells put 
on production will only.take the place of old wells that go off pro- 
duction. Both of these assumptions are very optimistic. Method 
B shows a daily production peak of 347,000 barrels near the end 
of September and a gradual decline thereafter as indicated in 
Table II. This estimate is too high for the reason that when wells 
stop flowing, pumping will not always follow and continue regularly. 
While the success of pumping at Santa Fe Springs is by no means 


TABLE II 
EsfIMATES OF DAILY PRODUCTION OF THE SANTA FE Sprincs FIELD, 
IN BARRELS 
Months Method A Method B Method C Modified 
403,000 333,000 315,000 287,000 
42,000 


assured, wells are now pumped in California from a depth of 4,000 
feet by using two pump barrels, one at the bottom of the hole and 
one half way up the hole. If fluid levels in Santa Fe Springs wells 
are found between 3,000 and 4,000 feet, the wells probably will be 
pumped. It may be assumed that wells will go off production as 
flowing wells at about 200 to 300 barrels, and will then begin as 
pumpers at about the same rate. Such an assumption promises 
more production than will probably be secured, and the same 
applies to pumping deep wells at Signal Hill and Huntington Beach. 

One of the components of method C is a study of old production 
existing on the first of each calendar month. In the Santa Fe 
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Springs field, this old production has declined about 20 per cent 
during the calendar month. The new production per week at 
Santa Fe Springs has varied from 9,000 barrels per week in April 
to 22,000 barrels per week in May, with a peak of 50,000 barrels per 
week in June. Its decline has been assumed to be regular, so that 
new production per week in October may be anticipated at 20,000 
barrels, in January, 1924, 9,500 barrels, and in March 2,000 barrels. 
The number of new wells per week averages 7. The average daily 
initial production for each well has varied from 3,900 barrels in 
March, 1923, to a peak of 5,500 barrels in July. It will decline as 
follows: September, 3,200 barrels; November, 2,900 barrels; 
January, 1924, 2,650 barrels. The results of method C show a 
change of production in Santa Fe Springs by months as indicated 
by Table I. 

Most recent developments in the western part of the Santa Fe 
Springs field indicate that no wells producing more than 6,000 or 
7,000 barrels may be expected in the future. ‘The lower limits of 
the oil zone have been proven by finding edge water 300 feet below 
the top of the zone. The zone is hardly more than 300 feet thick, 
instead of the 600 feet occurring on the crest of the fold. Deep 
wells, even near the crest of the structure are already affected by 
edge water in the lower sands. The town-site area is showing a 
marked decrease in gas pressure. It is thought that the partially 
drilled northwest end of the field, will lose part of its gas by migra- 
tion to the town site. Because of these elements which none of the 
curves take sufficiently into consideration, the final estimate of the 
daily average production for the Santa Fe Springs field is as shown 
in Table I. 

Signal Hill.—The three methods give closer results for the Signal 
Hill field, Long Beach (Fig. 3), than at Santa Fe Springs. Computa- 
tions using method A are shown in the first column of Table II. In 
applying method B, it may be noted that the daily average pro- 
duction per well for this field has continued very uniformly at 
approximately 1,000 barrels since last January, 1923. By February, 
1924, this will have probably declined to 800 barrels, and by May 
will be 530 barrels. ‘The number of new wells has been assumed to 
increase regularly until 300 wells are secured in January, after which 


q 
¢ 
3 
4 
3 
| 
4 
a 
8 
4 
q 


12 JOSEPH JENSEN 


it was felt that new wells would only replace old wells lost. Judging 
by the number of wells that have dropped out the foregoing assump- 
tions seem liberal. 
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In formulation of estimates by method C it was found that in 
this field the production existing on the first of each calendar month 
declined during that month at the rate of approximately ro per cent. 
The total daily new production each week has increased from 12,000 
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barrels in February, 1923, to 14,coo barrels in May, to a peak of 
25,000 barrels in June, and has since declined to 14,000 barrels in 
September. The number of new wells has varied from week to 
week, but 6 wells is an average figure per week. The average daily 
initial production for new welis in this field has risen irregularly from 
2,600 barrels in February, 1923, to 3,400 barrels in May, and 3,000 
barrels in July, and has since declined to 2,360 barrels in September. 
This indicates that the daily average production for a new well will 
be about 2,200 barrels in October, 1,300 barrels in January, and 
800 barrels in March, 1924. The estimates of method C eventually 
rise above those of methods A and B, primarily because the old 
production existing at the first of each calendar month had declined 
very slowly, as wells have been partly shut in ever since spring. 
In the future, however, with the wells flowing wide open, old pro- 
duction will decline much more rapidly than it has in the past. 
When this condition does occur, and is applied in constructing a 
curve under method C, the results may be much less than those 
shown by the present C curve. 

The Signal Hill field has a remarkably thick oil zone and protec- 
tion against the infiltration of water has not been based on uniform 
shut-offs. Only one shut-off was necessary at the top of the oil 
zone. Edge water has been avoided in the past by merely drilling 
deeper, cementing another string of pipe, and brihging in a well. 
But this cannot go on indefinitely and eventually the field will have 
to pay for such practice. Water will be able to migrate from shallow 
wells to deep wells with shallow second shut-offs which will cause 
a more rapid decline in old production than has been assumed, and 
may even result in destroying new production. ‘The desire to drill 
deep has existed in all of the fields; a result of the theory that the 
deeper a well was drilled, the better the production. At Hunting- 
ton Beach and Santa Fe Springs, even in the town site, this resulted 
in securing edge water in the lowest sands of the zone. At Signal 
Hill, the enthusiasm for deep drilling is still manifest. The operator 
who fails to get to the supposed bottom of the zone because of the 
physical condition of his well may eventually be more fortunate 
than his neighbor who bores his way down. All of these facts will 
tend to make the results outlined above under methods A, B, and C 


q 
{ 
| 
i 
| 


14 


entirely too high. 
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indicated in the last column of Table ITI. 


Every favorable factor that can give hope of 
increase has been considered and the remaining factors will lessen 
In view of this condition, it has been assumed that 
the daily average production of the field by months will be as 


TABLE III 
EsTIMATES OF DAILY PRODUCTION OF THE SIGNAL Hitt FIELD, 
IN BARRELS 

Months Method A Method B Method C Modified 
September, 1923........... 232,310 266 ,680 258,000 264,000 
266 ,680 275,000 257,000 274,000 
285,890 277,000 263,000 272,000 
242,195 266 259,000 240,000 
246,000 252,000 205 ,000 


Huntington Beach.—The Huntington Beach field increased its 
production from 80,000 barrels in January, 1923, to 125,000 barrels 
in March (Fig. 4). Thereafter part of its production was always 
shut in, so that the field has only produced from 100,000 to 125,000 
barrels per day. 

Under method A, it appears that production in the field will 
continue about 100,000 barrels until November, but this conclusion 
is not supported by curves drawn under the other methods, and by 
field conditions. 

The average daily production per well for deep wells declined 
fairly regularly from 1,900 barrels per day in February, 1923, to 
600 barrels per day in September. This decline should continue 
in the same way until the wells reach the pumping stage, when it 
should be more gradual. There are about 66 relatively shallow 
wells, producing from the Bolsa zone and the upper part of the 
Ashton zone, at a rate of about 10,000 barrels per day. The curve 
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under method B was drawn on the deep wells, and then 10,000 
barrels per day were added to show the curve on the diagram. 
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The expected production of the field under method B will decline 
as indicated in Table IV. 

As this field is so nearly drilled up, and the character of the 
production that will be secured is so uncertain, no attempt has been 
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made to draw a curve under method C. There are about 120 
drilling wells in the field. Many of those are marginal wells in 
areas where small production and water troubles are to be expected. 
The few deep wells which are drilling will have such small new 
production that no credit has been allowed. 

The final curve for Huntington Beach should therefore be very 
much like the decline of old production existing at the beginning 
of any calendar month, were it not for the fact that since March 
there has been shut-in production at Huntington Beach. In the 


TABLE IV 


EsTIMATES OF DAILY PRODUCTION OF THE 
HUNTINGTON BEACH FIELD, IN BARRELS 


Months Method B Modified 
September, 1923...... Q2,000 94,000 
71,000 75,000 
November........... 56,000 63,000 
46,000 58,000 
January, 1924........ 36,000 54,000 
38,000 
cc 33,000 
29,000 
25,000 


future it is expected that all of this shut-in production will be 
released. The total production of the field will therefore decline 
even more rapidly than the old production, existing at the first of 
each calendar month since April, has declined in the past. Water 
troubles have already had their effect upon the Huntington Beach 
field so that the final curve has not been reduced from the estimates 
to take this into consideration. The situation at Huntington Beach 
is only a forerunner of that which will occur at Santa Fe Springs and 
Signal Hill. As the field was smaller, the effect of water and loss of 
gas has been less marked than it will be in the other two fields. 
Taking into consideration the elements bearing on Huntington 
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Beach, the daily average production of the field has been estimated 
as indicated in Table IV. 

The results of this analysis may be assembled and included 
in a single table of estimated production of California which is 
submitted for the year 1924. ‘This shows a steady decline from 
734,500 barrels in January to 373,600 barrels in December. (See 
Table V.) 

The remaining element now to be considered is the question of 
consumption. During 1920 the oil consumption of California rose 
from about 300,000 barrels to 335,000 barrels per day. During 
1921 the consumption declined from 335,000 barrels to about 245,000 
barrels at the time of the strike in October, but the year ended with 
daily consumption of 270,000 barrels. An increase of consumption 
from 270,000 barrels to nearly 450,000 barrels occurred in 1922. 
During 1923 consumption has remained below 450,000 barrels, 
but well above 400,000, with a tendency to increase regularly. 
Consumption in August was 550,000 barrels, due to summer condi- 
tions. Many small refineries in southern California placed all of 
their production on the market without attempting to store any of it. 

The consumption of oil during the next year will depend, 
generally, upon conditions in the west. California oil is used exten- 
sively in Arizona and Nevada in the copper industry. Railroads 
in the western states which considered giving up the use of fuel oil 
during the shortage a few years ago are now using it more extensively. 
Shipping on the Pacific is increasing. The many vessels built by 
the government during the war burn fuel oil. The number of 
automobiles has increased. It seems fair to assume that all indus- 
tries using oil are on a substantial basis and are being enlarged. 

Neglecting the sharp increase of consumption in August, 1923, 
and assuming a very gradual change, it appears that consumption 
will increase regularly from 440,000 barrels in September to 450,000 
barrels for July, 1924. At that time, and at that amount, consump- 
tion will equal production. There will be no more oil for storage 
and no more oil for shipment through the Panama, Canal without 
drawing on the oil that will have been placed in storage up to that 
time. Thereafter consumption should continue at about 450,000 
barrels per day, while production should decline regularly. 
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While it appears probable that early in 1924 production will fall 
below consumption (Fig. 5), it is highly probable that the develop- 
ment of the new fields at Torrance, Compton, and Wheeler Ridge will 
be speeded up during the spring and'summer, in order to take care of 
the deficiency. Should this be done the estimates herewith will not 
be realized. The outlook for the future is definite enough, however. 
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The end of overproduction in California will come within the next 
year, and the heavy load now being carried by the oil industry will 
be reduced in another six months. The public generally perhaps 
does not appreciate that those organizations exerting themselves 
to store and retain oil in California are performing a genuine public 
service for our state, since that oil will be needed before the close of 
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DISCUSSION 


Cart H. BEAL: With so many wells and areas of different possibilities 
contributing to the oil supply from southern California, I seriously doubt if our 
peak of production will be as sharp and distinct as many seem to think. It is 
more likely that the final curve showing monthly output from August to De- 
cember will be serrated with various sharp peaks but with a gentle slightly down- 
ward trend during the next few months. I believe our production by the first 
of January will have fallen off approximately 100,000 barrels per day. 

I see no probability of repetition of our 1923 output during 1924, and I 
think the probabilities are very strong indeed that 1924 will see a gradual 
decline from the beginning to the end of the year and the advent of spring should 
see optimism in the oil industry. 

It is almost inconceivable, however, that the decline given by Mr. Jensen 
is a true picture of what will happen to the production of our three major pools 
in the Los Angeles basin during the year 1924. Such a rapid fall-off is hardly 
probable in view of the number of new locations to be drilled and the thickness 
of the sands in these three fields. 

There probably are several other fields yet to be discovered in California, 
not only in the Los Angeles basin but also in other parts of the state. Many new 
companies have been organized and have profited by these three rich fields in 
the Los Angeles basin. They will, in ali probability, spend a part of their profits 
in search of new deposits, thus increasing the number of wildcat wells over the 
number that were drilling two or three years ago. In the prospective areas of 
California where the geology is masked by superficial deposits, promiscuous 
wildcatting is almost certain to open up new pools. 

WALTER STALDER: Other than the possible sources of increased production 
that you mention, have you made any allowance for additional territory that 
may be brought in by one or more of the several score of wildcat wells now 
drilling in California? This question is being asked because of other predictions 
made during the late war. At that time a committee investigated the industry 
and stated that according to the best informed geologists, all of the oil fields of 
California had been found and that outside of drilling the Naval reserves or more 
intensively drilling up already producing properties, there was but little prospect 
for increased production.t Subsequent developments have only too clearly 
shown that wildcat wells can cause a very serious situation in the industry. 
With this past history in mind, I can assure you that I am skeptical of predic- 
tions that do not make due allowance for all such wildcat wells. 


* Report of the Committee on Petroleum, California State Council of Defense, 
July 7, 1917. 
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RESUME OF THE GEOLOGY OF THE GULF 
COASTAL PLAIN 


J. E. BRANTLY 
Shreveport, Louisiana 


The area to be considered extends from Florida westward and 
southward to the Rio Grande, and thence southward and south- 
eastward to the Yucatan Peninsula in Mexico. In this belt of low 
elevation, rimming the Gulf of Mexico, are exposed some strata 
of the Comanchean, and all the strata of the Upper Cretaceous and 
younger formations which border the Gulf of Mexico. At its 
widest point, from southern Illinois to the Gulf, this belt has a 
width of approximately six hundred miles and narrows to a width 
of a very few miles, where the Sierra Madre of Mexico extends 
eastward almost to the Gulf, at a point some two hundred miles 
south of Tampico. The average wicth of the belt is approximately 
two hundred miles. 

STRATIGRAPHY 

As already mentioned, this entire Coastal Plain includes strata 
from Comanchean to recent age. The Comanchean or Lower 
Cretaceous is exposed along the inland rim of the Coastal Plain 
in Georgia and Alabama, but in approximately the center of the 
latter state, it is overlapped and concealed by Upper Cretaceous and 
more recent formations. It reappears at the southern edge of the 
Ozark Mountains in Arkansas, south of Hot Springs, and from this 
point westward and southward the uninterrupted Comanchean 
outcrop covers great areas in Texas and composes most of the 
Sierra Madre of the east of Mexico. 

The Comanchean at its outcrop in Georgia and Alabama is 
composed almost entirely of non-marine clays and sands derived 
from the crystalline Piedmont area of pre-Paleozoic age. At a 
point in southwestern Alabama approximately 100 miles south of a 
line connecting the Comanchean in Alabama and the Comanchean 
in Arkansas, red sands and shales have been penetrated, occupying 
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the stratigraphic position where Comanchean strata would be 
expected, thus indicating the non-marine character of the Coman- 
chean for at least a very considerable distance from its outcrop. 
In Florida, however, limestones probably of Comanchean age have 
been penetrated in several wells. The crystalline Piedmont area, 
with its rapid run-off and preponderance of quartzitic rocks and 
schists, probably accounts for the red shales and sands that pre- 
dominate where the Comanchean has been penetrated in several 
wells drilled in Georgia and Alabama. 

Westward, in southwest Arkansas, the Comanchean at its 
outcrop is represented by sandstones, shales, and impure limestones. 
South of the outcrop, wells which have been drilled have found an 
increasing percentage of limestones. In De Soto Parish, Louisiana, 
the section as far as it has been penetrated is very largely limestone. 
Westward, southwestward, and southward into Mexico, the lime- 
stones of the Comanchean increase in percentage and thickness 
until, in the Sierra Madre of Mexico, there is a thickness approxi- 
mating 10,000 feet of limestone, including a part of those limestones 
which are generally called Tamasopa. Shales and sands are most 
abundant in the Comanchean in Arkansas and southeastern 
Oklahoma, and particularly in the non-marine beds east of the 
Mississippi River. 

The Upper Cretaceous formations, or Gulf series, are exposed 
practically throughout the length of the Gulf Coastal Plain, for 
they are entirely overlapped, so far as known, only in central and 
northeastern Arkansas and southeastern Missouri. East of the 
Mississippi River the series is composed primarily of chalk and marl. 
Marl, as here used, is material composed of sands of various kinds, 
shales, lime, and, generally, fossils. ‘These materials are contained 
in the Selma chalk and Ripley marl, which are in part contempora- 
neous in age. Also, it might be mentioned at this point that the 
Ripley marl of Alabama, although in part equivalent in age to the 
Taylor marl of Texas, is entirely different in character. The 
description of the Ripley marl has been given above, while the Taylor 
marl is composed primarily of calcareous clay, less correctly called 
shale. Underlying the Ripley-Selma group, is the Eutaw formation, 
composed of littoral sands and clays. Southward from the surface 
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terrain of the Gulf series of Alabama, wells have penetrated mate- 
rials practically identical with those exposed on the surface. No 
shales containing a considerable amount of organic matter were 
noted. 

West of the Mississippi River as far as the Rio Grande, the 
Gulf series is composed primarily of dark colored shales, two or 
three limestone members, and three formations in which sands are 
present, one being in the upper part of the Cretaceous, equivalent 
in age to the Navarro formation of Texas, or the Nacatoch of 
Louisiana; another, the Blossom, which, east of Dallas, occupies 
the approximate position of the lower portion of the Austin chalk 
or the upper part of the Eagle Ford; third, the sands of the Wood- 
bine and Bingen, at the base of the Cretaceous in East Texas and 
Louisiana. At this point it might be stated that the terms “ Blos- 
som” and “Woodbine,” as used in Arkansas and Louisiana, are 
very indefinite and the formations deserve serious study in order 
that accurate differentiation might be made and correct nomen- 
clature used. 

In central Texas, sands of lesser note are found in the Taylor 
formation, while in southwest Texas and southward into northern 
Tamaulipas, no sand is found with the exception of one in the upper- 
most formation, known as the Webberville, Escondido, or 
Esperanza. Likewise, south of that part of Mexico immediately 
west of Laredo, no sands are found in the Gulf series, except a few 
sandstone beds in the extreme upper portion of the series. These 
sandstones are best. displayed in what is called the Forlon syncline, 
or that great synclinorium lying between the Sierra Madre on the 
west and the Rio Grande-Gulf system of mountains on the east. 
Therefore, throughout this portion of Mexico, we might expect no 
oil production from sand. On the contrary in this part of the Gulf 
Coastal Plain, the Gulf series is composed entirely of limestones and 
dark shales which are: the Papagallos, named by Dumble, including 
a maximum of 2,500 feet of dark shales; the San Felipe, of Belt and 
Jeffery, including some 800 feet of alternating limestones and shales; 
and the Victoria limestone, so named from excellent exposures in 
the mountains to the west of Victoria, the capital of the state of 
Tamaulipas, Mexico. The Victoria is generally called Tamasopa, 


4 
4 


24 J. E. BRANTLY 


but is in reality a formation of rather thin-bedded, cherty, black 
to white limestones, having a total thickness of 3,000 to 5,000 feet 
and lying apparently unconformably upon what is called the 
Taninul limestone of the Tamasopa group. The Taninul is the 
producing horizon of the Lower fields and is of Comanchean age, 
while the production of the Panuco field is from the basal San 
Felipe and upper Victoria limestones of the Gulf series. 

The Victoria is classified as belonging to the Gulf series on the 
basis of continuous sedimentation from the base of this formation 
through the San Felipe and Papagallos, while there is an uncon- 
formity of unknown extent between the Taninul and the Victoria 
limestones. The Victoria and San Felipe, according to our present 
understanding, are equivalent to the Eagle Ford and Austin of 
Texas and to the older formations of the Gulf series to and including 
the Brownstown marl of Arkansas, and possibly a part of the 
Annona chalk. 

In accordance with the generally accepted theories regarding 
the origin of petroleum, there are abundant materials in the rocks 
of the Gulf series in the area extending from the Mississippi River 
into Mexico from which oil in commercial quantities might have 
been derived. East of the Mississippi, no such materials are known 
at the present time, though there are portions of this area where 
they may be present. 

Gulfward from the outcrop of the Cretaceous strata, and resting 
unconformably upon them, are Tertiary beds. These strata are 
non-productive throughout the Gulf Coastal region, with the 
exception of the fields near Laredo, Texas, and a few isolated areas 
of inconsequential production, and therefore are important only 
because they cover the surface of most of the area where the Gulf 
and Comanchean series are productive and their thicknesses and 
the manner in which they manifest structure must be considered in 
order to learn the depth at which the producing horizons of the 
Cretaceous may be penetrated, and the probable nature of the 
structure in the producing horizons. The Gulf Coast salt domes, 
of course, are in Tertiary beds, but may be considered as a thing 
apart. 
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STRUCTURE 

With the exception of the subsidence causing the Tabasco 
Embayment of southern Mexico, no movements of considerable 
extent have taken place since the deposition of the Oligocene. 
Since the principal structure-forming movements took place 
previous to the deposition of this series, for structural determina- 
tions we might consider only the Oligocene and earlier strata to be 
of importance, while the great majority of the work will be confined 
to areas of Eocene deposition. 

The thickness of the strata as a factor affecting possibilities of 
commercial oil will likewise be confined in most cases to these areas. 
The thickness of the Tertiary beds is controlled by the relative 
position of any given area with respect to lesser structural features 
along the Gulf Coastal Plain. As an example, in the embayment 
areas, the Eocene series reaches in one case a thickness approximat- 
ing 12,000 feet, while between the embayment areas this thickness 
is as little as 1,500 feet. 

Another point which requires very serious contemplation is the 
relationship between the structural features of the surface Tertiary 
rocks and the subsurface Cretaceous beds. Due to the great uncon- 
formity, or period of erosion and folding, between the Cretaceous 
and the Tertiary, structures in the two systems by no means 
conform in all, or possibly most, instances. As a matter of fact, 
one might be safe in saying that in very few cases are the surface 
Tertiary structures conformable to the subsurface Cretaceous 
structures, since surface anticlines might readily overlie subsurface 
synclines, because of the different periods of folding. Also, move- 
ments which would have affected the inclination and direction of 
inclination of Tertiary beds would not necessarily have affected 
the Cretaceous strata, particularly where these latter formations 
are present at considerable depths, or where the subsurface Cre- 
taceous materials are composed primarily of massive limestones 
which would require much greater forces to flex them than the slight 
movements which might readily affect the weaker Tertiary beds 
on and near the surface. 
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East of the Mississippi River, despite the unconformable rela- 
tions between the strata, the Cretaceous structure seems to coincide 
with the Tertiary structure. West of the Mississippi, in Louisiana 
and Arkansas, the exact relation is at this moment indeterminate, 
but it is safe to say, in the writer’s belief, that, while the structural 
features of the Tertiary do not present an equivalent structural 
relief, there is a general parallelism of features. The same might 
be said of those portions of Texas where wells pass from Tertiary 
into Cretaceous rocks. In Tamaulipas, there has been insufficient 
drilling to determine the exact conditions. However, surface work 
has disclosed in some instances a parallelism of feature, but with 
much steeper folding in the Cretaceous and an angular unconformity 
between it and the overlying Tertiaries. 5 

In northern Vera Cruz, surrounding the producing fields, there 
is little or no parallelism between structural features of the Cre- 
taceous and the Comanchean on the one hand, and the Tertiary 
on the other. As an example, over the Lower fields fold south of 
Tampico, the Upper Eocene and Oligocene show comparatively 
slight structural relief,and that not in conformity with the subsurface 
Comanchean and Cretaceous, while the producing limestone shows 
a comparatively steep dip to the east and a great fault or a dip 
exceeding 45° on the west side of the fold. 

The unconformity between the Comanchean Tamasopa lime- 
stone and the Upper Eocene Alazan formation involves a thickness 
of strata of possibly 9,500 feet. This is the most pronounced 
condition of this kind in the entire Gulf Coastal Plain so far as 
known, though there are other similar but less important uncon- 
formities in this area. 

From these few examples, we can readily see the extreme diffi- 
culty of accurate surface determinations of subsurface structure and 
the hazards which must attend drilling any surface structure, or 
apparent structure, which might be determined. Also, particularly 
in East Texas, Louisiana, and Arkansas, and in fact throughout 
the Tertiary area west of the Mississippi River, there are many 
cross-bedded non-marine deposits which make difficult the accurate 
determination of the inclination of the beds. 
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East of the Mississippi River, the axes of the known folds are 
approximately north 30° east, and northwest. West of the 
Mississippi to the Rio Grande, the axes trend approximately 
northeast, and northwest. South of the Rio Grande in Mexico, 
the primary axial direction is north 25° west, with a secondary 
direction approximating north 65° east. There are, of course, 
many variations from these axial directions throughout this Coastal 
Plain region, but on the whole the directions given predominate. 


EMBAYMENT AREAS 


Broadly speaking, the Gulf Coastal Plain is a great monocline, 
or more broadly speaking, a great embayment area somewhat 
more extensive than the present Gulf of Mexico. This major 
feature is interrupted by a number of embayments of varying sizes 
as well as comparatively minor folds and synclines. 

The first embayment west of Georgia, where the shore line 
swings westward from the north-trending Atlantic Coastal Plain, 
is the Mississippi Embayment, and farther west, but more or less 
directly. connected with it, the East Texas Embayment. These 
two together cover the most of Mississippi and Arkansas, small 
portions of Tennessee, Kentucky, Illinois, and Missouri, all of 
Louisiana, and that part of Texas east of an approximate north- 
south line through Dallas. Next, to the southwestward, is the 
Rio Grande Embayment which has been described by some geol- 
ogists as the Tamaugrande Embayment, covering a large portion 
of southwest Texas, northeastern Nuevo Leon, and northern 
Tamaulipas. South of the Rio Grande Embayment lies the 
Tampico Embayment, covering northern Vera Cruz and extending 
northwestward into western Tamaulipas. Next, to the south, is 
the Tabasco Embayment, including the southern part of the state 
of Vera Cruz, all of Tabasco, and a portion of Campeche. 

Petroleum has been found in all of these embayment areas, while 
no commercial production has been encountered outside of them, 
with the exception of some areas to the southeast and south of the 
Balcones fault zone in Texas. ‘This does not mean that production 
will not be encountered between these embayment areas, but at 


j 
2 
| 


28 J. E, BRANTLY 


least it has not been found up to the present time. It is logical 
to suppose, however, that in these embayments, conditions of 
sedimentation were most favorable for the accumulation of sedi- 
ments rich in organic matter. 

East of the Mississippi River, conditions of sedimentation 
favorable to the occurrence of oil have not been found up to the 
present time. West of the Mississippi River and in northeastern 
Mexico, favorable conditions prevailed, as has been proved by the } 
present producing areas. 
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A COMPARATIVE STUDY OF THE SAN JOAQUIN 
VALLEY OIL FIELDS* 


JOHN B. STEVENS 
Associated Oil Company, Fellows, California 


For twenty years the state of California has supplied the markets 
of the world with a volume of petroleum that has ranked it among 
the first producing areas of the world. During this time the state 
has yielded over 1,500,000,000 barrels of oil. 

The large closing down at this time of some of its producing 
units, the opening of new ones and the vast increase in the volume 
of its production, attracts the attention of geologists with new 
interest to the west coast sediments of the United States and 
particularly to the Tertiary of California from which this vast 
volume of oil is obtained. 

The Tertiary sediments of the west coast have an aggregate 
maximum: thickness of over 60,000 feet largely of marine origin, 
for the most part laid down in waters paralleling in general the 
present Coast ranges. The number and position of the depressions 
into which the sediments were poured varied in different periods. 
Since the depressions were at times more or less connected, at others 
widely separated, and since they differed in degree of submergence, 
in nearness to adjacent land bodies of varying elevation and in 
temperature of waters, the sediments present to the geologist many 
very interesting and difficult problems in stratigraphy, lithology, 
and faunal relations. The problems are further complicated by 
extensive folding of varying intensity, by considerable faulting 
and by certain intrusives. The accompanying geologic section 
of the west coast sediments, from the basal complex of the Sierra 
westward to the sea, presents at a glance some of the difficulties 
to be met with in any wide correlation of strata. 

The production of petroleum in California is from two general 
areas: one from the westward slope of the coast ranges and known 


* Read before the Association at the Los Angeles meeting, September, 1923. 
Manuscript received by the Editor, October, 1923. 
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under the general term of the coast fields, the other from marginal 
structures around the southern half of the San Joaquin Valley and 
known as the San Joaquin Valley fields. The San Joaquin Valley 
occupies the southern half of the great structural depression of 
central California which is drained 
at the present time through the 
Golden Gate by Sacramento and 
San Joaquin rivers. The accom- 
panying relief map of a portion of 
California (Fig. 1) shows the 
position of the producing areas. 

The oil territory of 
the San Joaquin Valley 
comprises six pro- 
ducing fields 
of the first 
Coa- 


order: 


Fic. 1 


linga, Lost Hills, McKittrick, Midway-Sunset, Elk Hills, and Kern 
River. Adjacent to these are numerous producing areas of minor 
importance. These fields have yielded a total production of over 
I,125,000,000 barrels (July 1, 1923) or 65 per cent of the total pro- 
duction of California. The development of the fields has been 
almost entirely within the last twenty-five years. For the year 1897 
there is a reported production from Coalinga (only) of 70,140 barrels. 
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The sedimentary strata of the San Joaquin Valley fields along 
the west and southwest sides of the valley were laid down on a 
metamorphosed and intruded complex believed to be of Mesozoic 
(probably Jurassic), age. On the east and southeast sides of the 
valley they rest on a basal complex of gneisses, schists, and granites. 
The topographic closure of the south end of the valley, connecting 
the west end of the Tehachapi Range with the Coast ranges cul- 
minated in Pliocene time. These strata, with the Cretaceous as 
the oldest of the series, are successively exposed as the present floor 
of the valley is approached from the west, and present on the whole 
a fairly complete series and record of the time (Fig. 2). Due to 
changes in topographic relief during the period of deposition and to 
oscillations in the floor of the valley and accompanying intervals of 
erosion, no single formation is continuously exposed around the 
valley nor is the lithology uniform laterally over considerable dis- 
tances. The producing structures of the valley fields vary greatly 
in type but are all located on the lower portion of the valley’s rim. 

The origin of the oil is generally believed to be in organic shales, 
which in places attain great thickness and are found at several 
horizons, chiefly in the Oligocene and Miocene. The production 
of oil in a few instances is from the organic shale itself, but is chiefly 
from overlying porous strata that have served as trapping reser- 
voirs. To show the different zones of production:of the various 
fields and bring out more clearly the change in lithology around the 
valley margin, six columnar sections have been prepared (Fig. 3).? 
They are of the following areas: Coalinga, Belridge—Lost Hills, 
McKittrick, Midway—Elk Hills—Sunset, San Emidio—Wheeler Ridge, 
and Kern River. In these columns an attempt has been made to 
draw the formation blocks to scale, giving the maximum thickness 
(known or estimated) in the vicinity of production. The uncon- 
formity at the base of the Etchigoin and top of the Santa Margarita, 
representing the hiatus between the Miocene and Pliocene, is taken 
as a base line of reference because of its geological importance 
and its general relationship to the production of oil. 

The oil of the valley fields has accumulated in various types of 
structure which may be described briefly in turn. The Coalinga 


tIn collaboration with Mr. E. G. Gaylord. 
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At no place in the field is there a closed 
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In the east side the oil has accumulated on both flanks of 


field consists structurally of two parts, commonly called the East 


Side and West Side fields. 


fold. 
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the asymmetric Coalinga anticline which plunges to the southeast. 
The anticline is open toward the northwest, the oil-producing forma- 
tion outcropping between the main producing area and the Oil City 
area. Separating the East and West Side fields is the sharply 
plunging Coalinga syncline from the upper end of which consider- 
able oil has been produced. The West Side production is from 
a monocline in the western flank of the Coalinga syncline near 
its western end, the outcropping eroded edge of which is sealed by 
asphalt residues and, in part, by Pliocene beds. ‘There are two 
producing zones in the Coalinga district: the lower yields a small 
volume of paraffin base oil from the Upper Cretaceous in the Oil City 
area; the upper, containing asphalt-base oil, is in the Miocene. In 
both the East and West Side fields the principal production comes 
from the Vaqueros sands, basal Miocene. The oil from the Miocene 
is believed to have entered from the underlying diatomaceous Krey- 
enhagen shale of Oligocene age. The features of principal interest 
in this column are the volume of the diatomaceous Kreyenhagen 
shales, some 800 feet thick, the favorable pooling structure in the 
overlying Vaqueros sandstone with its impervious capping of clay 
shale in the Big Blue formation. The column is conspicuous by 
the practical absence of anything resembling organic Miocene 
shales which are present in such volume farther south. 

In the Belridge—Lost Hills producing area several pronounced 
changes are noted. The Kreyenhagen Oligocene shales have 
thinned to the point of disappearance. The Big Blue clay shales 
of the Coalinga field have disappeared or have been replaced by the 
great accumulation of organic shale commonly known as Monterey 
or Maricopa shale. This shale, highly diatomaceous, is generally 
believed to be the principal if not the entire source of the oil produced 
in this district. In the Lost Hills field the oil has accumulated in 
a comparatively long, narrow, anticlinal fold which plunges gently 
both toward northwest and southeast, broadening toward the south- 
east. The producing sands do not outcrop. The Belridge field 
is structurally quite similar to the Lost Hills field. Here there are 
two producing zones, one from the Maricopa itself (part of the 
North Belridge production) and the other from basal beds of the 
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McKittrick series (the main production of both Belridge and Lost 
Hills fields). Overlying the Maricopa shales are the Etchigoin, 
locally represented by marine and brackish water strata, and the 
Paso Robles (Tulare) fresh water bed which together have been 
mapped as the McKittrick group. 

The rapid thinning of the diatomaceous Kreyenhagen shales 
southward from Coalinga and the non-appearance of the organic 
phase of the Monterey is believed by many to explain the absence 
of profitable production in the folds of the Kettleman and Kreyen- 
hagen Hills. The overlying strata seem altogether suitable and 
have led to extensive prospecting: in one well to a depth of over 
6,600 feet. Small showings of oil have been encountered and very 
suitable sands have been penetrated leaving as the reason for 
failure an apparent absence of an original source. The rapid 
thickening of the upper formations, however, to the south from 
Coalinga may not have been penetrated, warranting still further 
and deeper tests. 

The stratigraphic column representing the MeKittrick field 
is short, for the Franciscan, Cretaceous, Eocene, and Oligocene are 
missing. The Maricopa extends across the axis of the Temblor 
Range. A small amount of the production of the district is obtained 
from the Maricopa shales and some possibly from the Santa Mar- 
guerita, but the bulk of the oil is from the basal béds of the McKit- 
trick. The source of the oil is undoubtedly the same as that of 
the fields to the north and east, the Belridge—Lost Hills and the 
Midway-Elk Hills—Sunset, respectively, i.e., from the fine-grained 
diatomaceous Maricopa shales. The geologic column of the 
McKittrick district does not necessarily involve a discussion of 
the structure. Whether the drilling data and the topographic 
features indicate a recumbent fold in the southern part or a thrust 
or gravity fault or some other structural complication is still a 
mooted question. The accumulation of oil has been along a rather 
sharp fold which is faulted at least at its northwest portion. The 
exact character of the faulting which has occurred here has not been 
definitely determined but the present stratigraphy is probably 
of fault origin and such as to bring the Maricopa shales to a posi- 
tion overlying the later Paso Robles. This field, as a whole, 
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stands first in acreage production for the San Joaquin Valley fields, 
the production to date being 40,000 barrels of oil to the acre. 

The Midway-Elk Hills-Sunset column is very similar to that 
of McKittrick and the structure and lithology is such as to indicate 
that the source of the oil is the same. The production is from 
several types of structure. Along the southwestern edge of the 
field the structure is generally monoclinal, interrupted by local or 
small anticlines. The production of the Buena Vista Hills is from 
an elongated dome. Between the Buena Vista Hills structure and 
the monocline to the southwest is a synclinal structure from which 
also considerable production has been obtained. The oil accumu- 
lation in the syncline is probably due to an arresting of the general 
southeasterly plunge of the syncline, producing benchlike structures. 
On the southeastern portion of the field in the so-called Maricopa 
Flat area production is obtained from a southeasterly plunging 
anticline whose axis appears to be more or less undulating. 
Throughout the principal part of this producing area there is no 
surface evidence of this anticline, the determination of the structure 
depending entirely on the interpretation of well logs. Development 
to date in the Elk Hills indicates that the structure is similar to 
that of the Buena Vista Hills. 

The San Emidio-Wheeler Ridge column does not represent 
any area of large production but was prepared in consideration of 
the recent discovery of oil in the Wheeler Ridge anticline. The 
column includes the area westward from Wheeler Ridge to San 
Emidio Creek, at the extreme south end of San Joaquin Valley. 
The oil developed at Wheeler Ridge is of paraffin-asphalt base. 
It is a black oil but has, in the sunlight, a green bloom. The 
gravity is around 25° Baumé. The production is possibly from 
sands close to the contact of the Paso Robles and Maricopa shales. 
The source of the oil is not as yet clear. The geologic column shows 
an estimated thickness of 2,500 feet of Maricopa shale, 3,000 feet 
of Oligocene and 3,000 feet of Eocene. All three are more or less 
organic. The paraffin-asphalt character of the oil seems to indicate 
a source in part from below the Maricopa shales, which elsewhere 
produce only asphalt-base oil. It is possible that all three forma- 
tions may have contributed to the storage. 
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The five geologic columns thus far referred to cover in a general 
way the geology of areas that are so closely related that they almost 
touch and have taken us down the west side and around the south 
end of the valley from Coalinga to Wheeler Ridge. The sixth 
column, that of the Kern River field, is so far removed from the 
other fields and is so different in other respects that it might ‘be 
left out of this discussion or be made the subject of a separate 
report. The field is situated on the far eastern side of the valley 
about 5 miles fiorth of the city of Bakersfield, 35 to 40 miles from 
the nearest production on the west side. 

The column shows but three principal formation blocks: the 
Pliocene Kern River series, the Miocene equivalent of the Monterey 
shales, and at the bottom the granites of the Sierra Nevada Range. 
The production of oil is from the lower part of the Kern River 
series with a source doubtless in the Miocene. The producing 
sands are lenticular throughout the field. The producing area is 
nearly round with the measures tilted gently (about 3°) toward the 
southwest. The beds are generally considered of delta origin. 

On the eastern side of the field the outcropping oil measures 
are crossed by Kern River. The water associated with the oil 
in the other fields of the valley is salt. It is significant that the 
water made in large volume by many of the Kern River wells is 
fresh and that the Kern River is flowing in its bed of sand across 
these unconsolidated measures. The oil produced in the Kern 
River field is a heavy asphalt-base oil running in gravity from 10° 
to 16° Baumé. This field alone has produced close to a quarter 
billion barrels of oil and is one of the great producing fields of the 
state. Due to the great thickness of the producing formation— 
in the center of the field over 600 feet—it will doubtless remain a 
producer for many years. 

In closing, attention should be called to certain interesting struc- 
tural and production features of general application. The producing 
structures of the valley fields are of two main types, monoclines 
and folds. In numerous instances as in the West Side Coalinga, 
McKittrick, and Sunset fields, the eroded edges of the monoclines 
are capped by asphalts and the sands near their eroded edges are 
filled with maltha residues effectively sealing the reservoirs. The 
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production from these monoclines is commonly low in gravity with 
the gravity increasing with depth down the dip: the lower gravity 
oil being due to the escape of part of the lighter components. In 
the anticlinal folds, particularly the domal structures, just the 
reverse of this is commonly found to exist. Here the highest 
méasures of a producing zone are not infrequently a gas zone (and 
in some instances a dry gas) with a high gravity oil in close association 
both laterally and vertically with the lowest gravity oil farthest 
down the limbs of the structure and in the lower portion of the 
measures. This is particularly true of both the Buena Vista and 
Elk Hills, which are typical domal structures. An apparent excep- 
tion to this may be recalled in the production of the Lost Hills 
anticline. The production of the upper measures (produced from 
800 to 1,200 feet) is a 15-gravity oil. A deeper production from 
around 1,500 feet as in the California State lease, section 5, 27-21, 
varies in gravity from 31° to 34° Baumé. The explanation is 
probably not that this higher gravity oil may be from another 
horizon (the source of the light and heavier oil is doubtless the 
same), but that in the shallower production through the unconsoli- 
dated measures the lighter fractions have escaped, the oil being 
further affected by surface waters. This suggests that the upper 
production is a residual oil and the higher gravity oil is the original 
form. There are doubtless other exceptions in individual well 
production and in small isolated areas. The conditions prevailing 
in these are often difficult to explain but may not invalidate the 
principle applying to structures as a whole. The differences in 
gravity of adjacent wells producing from the same horizon and 
from different horizons in the same well are frequently found to be 
due to differences in the texture of the strata in which the different 
gravity oils have accumulated. 

Chemical analyses of oil from various fields are not now available 
but from general understanding the oil of purest paraffin base 
is a small production from the Cretaceous in the Coalinga field. 
Oil of paraffin-asphalt base is produced in the Devil’s Den area and 
at Wheeler Ridge. ‘The oil in the other fields of the valley may 
carry small fractions of paraffin but are known as distinctively 
asphalt-base oil. 
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The production of the San Joaquin Valley fields reached its 
maximum in 1919 when over 80,000,000 barrels of crude oil were 
produced. The production for 1922 was about 62,500,000 and 
from present indications the production for 1923 will fall below 
55,000,000 barrels. These figures, however, have very little bearing 
on the curve of decline of the valley fields. Due to overproduction 
in the southern fields there is a shut-in production in the Midway- 
Elk Hills-Sunset area alone of 45,000 barrels a day. The over- 
production of oil and reduction in price have slowed down develop- 
ment and the tendency among producers has been to reduce operat- 
ing expenses to a minimum with a result that many wells are not 
kept in first-class producing condition. 

With the recovery of the market, the San Joaquin Valley fields 
wil! recover much of the apparent decline. Undeveloped areas 
of proven production, the use of the core drill in solving some of 
the water and oil-production problems, the steadily improving 
methods of recovery and collection are easily capable of placing 
the valley fields back into the place of first importance. Some 
48.5 per cent of the proven area is yet to be developed. A conserva- 
tive estimate of the future production of the San Joaquin Valley 
fields is 1,150,000,000 barrels. Taking into consideration the 
possible additions of the present proven area and prospect work, 
the potential position of the San Joaquin Valley: fields has not 
seriously been disturbed. 


DISCUSSION 


E. G. GAytorp: The statement by Mr. Stevens to the effect that in closed 
structures in the San Joaquin Valley the higher gravity oil is found in the upper 
portions of the measures and the lower gravity oil in the lower portion is not 
borne out by facts. In fact it is the exception rather than the rule. 

The only structure where he can correctly say this relationship holds true 
is in the eastern end of the Elk Hills where at the top of the structure the oil 
from the lowermost sands, as at present developed, is a few degrees heavier 
than that from the upper producing sands. In this area it is possible that the 
full thickness of the productive measures has not yet been developed and 
whether the relationship would hold throughout the measures is yet to be 
determined. 

In the productive area near the center of the Elk Hills structure around the 
Hay and Carmen leases of the Standard Oil Company the uppermost productive 
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sands furnish an oil around 25 degrees A.P.I. while the lower sands have 
produced oil of approximately 48 degrees A.P.I. It is probable that the wells 
which produced this high gravity oil are deeper stratigraphically than any of 
the wells in the first mentioned easterly area of the Elk Hills structure. 

Again, in the Buena Vista Hills closed structure the deeper sands are 
lighter gravity than the upper sands. This is likewise the case in the Maricopa 
Flat area and in the Lost Hills structure mentioned by Mr. Stevens. 

I believe it may therefore be stated as a general proposition that in closed 
structures in the San Joaquin Valley the lighter oils are found stratigraphically 
deeper than the heavier oils. A possible explanation of this condition might 
be that the upper waters, which generally speaking are sulphate waters, have 
reacted with the oil in the higher producing sands in some manner to change 
their character. 
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HUNTINGTON BEACH OIL FIELD, ORANGE 
COUNTY, CALIFORNTIA* 


S. H. GESTER 
San Francisco, California 


Huntington Beach oil field had produced up to July 31, 1923, 
about 35,370,000 barrels of oil. At present this field is classed as 
third in importance in potential production in southern California. 

The field is located in Orange County, about 30 miles southeast 
of the city of Los Angeles along the southern rim of what is generally 
known as the Los Angeles basin. The productive area rises from 
the general surrounding region at 50 feet above sea-level to 126 
feet, the topographic high in the field. 

Exposures in the area of Huntington Beach proper are confined 
to cuts and gravel pits in the San Pedro formation of Pleistocene 
age. The San Pedro beds consist of loosely consolidated cross- 
bedded sands, gravels, and silts. The general surface has been 
smoothed over by natural weathering and by cultivation. Four 
miles to the southeast across the depression formed by Santa 
Ana River is Newport Heights, a low elevation similar topo- 
graphically to Huntington Beach. Here beds of Fernando for- 
mation of Pliocene age are exposed dipping westward and south- 
westward at angles of from 18° to 25°. Sands and sandy shales, 
fairly well bedded and more consolidated than the San Pedro 
formation, compose the Fernando at this place. In the sea cliff 
immediately north of the town of Newport Beach, the Fernando 
is seen to lie unconformably on Puente shales of upper Miocene 
age. These are white or light in color, of light specific gravity, 
and diatomaceous, corresponding to and of the same age as the 
Modelo shales farther north in southern California, The contact 
of the Fernando and Puente extending northward is covered, but 
the approximate location of the contact has been determined by 

* Read before the Association at the Los Angeles meeting September, 1923. 
Manuscript received by the Editor, November, 1923. 
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wells which reach the Puente shale without encountering the 
Fernando formation. 

In the cliff north of Newport Beach at the contact of the 
Fernando and Puente shales the basal sands of the Fernando are 
impregnated with tar. This tar and the occurrence of inflammable 
gas in shallow water wells near Huntington Beach comprised the 
surface indications of oil. Favorable structure for accumulation 
was suggested by the topographic elevation which occurs at a 
sufficient distance from outcrops of known oil-bearing strata to 
allow for a complete reversal in the attitude of the beds. Surface 
exposures show flat-lying strata and do not reflect the underlying 
structure. The existence of the topographic elevation suggests 
only an underlying older elevation, which was an expression of 
structure on which there has been a tendency to build up and retain 
later deposits. 

Prospecting was commenced by the Standard Oil Company in 
a well located with reference to the topography a few hundred 
feet northwest of Reservoir Hill, the highest elevation in the Hunting- 
ton Beach area. This well was brought in in May, 1920, but because 
of sanding up was not completed for production until August 3, 
1920. It is very close to the highest point in the structure as 
determined by subsequent development. The top of the oil 
producing formation lies at a depth of about 1,914 feet. Develop- 
ment to date has determined the existence of two distinct oil zones 
separated by intermediate water. The upper, or Bolsa, zone is 
600 to 800 feet thick, and production from it is mostly from rather 
loose sands separated by thin layers of sandy shale. The gravity 
of the oil ranges from 17° to 25° Baumé. The lower zone, called the 
Ashton, has been penetrated in some producing wells for at least 
1,750 feet. A well drilling at present has at approximately 5,550 
feet an oil sand which probably represents this same zone, indicating 
that the zone has a thickness of possibly 2,000 feet. In contrast 
with the Bolsa zone, the Ashton production is from much more 
shaly material. The gravity of the oil from the Ashton zone varies 
from 24° to 28° Baumé. Between the oil zones there is a fairly 
persistent intermediate water sand, sometimes referred to as the 
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“Copeland” water, composed of 75 to 80 feet of sand and sandy 
shale. In areal extent as well as in thickness, the Bolsa zone 
is much smaller than the Ashton. (See map fig. 1.) Bedding in 
the two zones is probably not conformable. On the north slope 
where most of the development has taken place, there is a northeast 
dip of about 25 to 30 feet in 100 in both zones. In this direction 
edge conditions and production have already been reached by 
development. There have been so few wells drilled on the south 
flank of the Huntington Beach fold that no accurate location of the 
axis can as yet be made nor can the maximum extent of the Bolsa 
zone in this direction be indicated with assurance. Standard Oil 
Company Well No. B-2 did not encounter the Bolsa zone but has 
production from the Ashton. Well No. B-19, located farther to 
the southwest and as far toward the beach as any well yet drilled, 
has encountered the Ashton zone at a depth which indicates a much 
lower degree of dip to the southwest than has been determined for 
the northeast flank. Northwestward development has not been 
sufficient to determine the extent of oil accumulation in that direc- 
tion. With a low plunge of the axis southeastward toward Newport, 
production has been obtained for a long distance in this direction. 
It seems quite possible that some oil might be encountered the entire 
distance across the shallow depression from Huntington Beach to 
Newport Beach, though with thinner oil sands and more inter- 
mediate water sands. The Mitchell well near Newport Beach is 
producing from the lower part of the Fernando formation where the 
oil has accumulated. against the viscous residues at the surface in 
the same strata. 

Initial average daily production of the discovery well in the 
Huntington Beach field during the first month was about 85 barrels. 
By January, 1921, three wells were producing and for that month 
they made a daily average of 328 barrels of oil per well. A year 
later in January, 1922, 66 wells produced at an average of 245 
barrels per well per day. In January, 1923, 159 wells produced 
at an average of 505 barrels per well per day. For the week ending 
August 16, 1923, 212 wells produced at an average of 541 barrels 
per well per day. 
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APPROXIMATE YEARLY PRODUCTION IN 
HUNTINGTON BEACH FIELD 


Barrels 
Total production for field to July 31, 1923......... 35,370,000 


Commercial production from the Bolsa zone is estimated to 
extend over a possible area of 1,350 acres. Actual production at 
present is spread over an area of about 845 acres. Commercial 
production from the Ashton is estimated over a possible area of 
4,570 acres. Actual production at present proves up about 1,520 
acres. Relative productivity of the Ashton and Bolsa zones in 
August, 1923, was approximately 15 tor. This, however, is largely 
due to the more intensive drilling for large production from the 
Ashton and the passing up of the shallower heavier oil. Production 
to August 1, 1923, from 1,520 acres, including Bolsa and Ashton 
zones, is 23,300 barrels per acre. It is estimated that the 4,570 
acres will have an average ultimate production of 50,000 barrels 
per acre. 

The origin of most of the oil in the Huntington Beach field is 
undoubtedly the Puente shales underlying the reservoir beds of the 
Fernando. Like all Middle Miocene shales of California, the 
Puente in this district is an organic shale largely made up of diatoms 
which could quite likely be the source for all the oil in the field. 
However, the lower shales of the Fernando contain considerable 
organic material and may contribute to the supply. 

The difference in the gravity of the oil in the two zones seems 
explainable by the character and water content of the strata m 
which it is found. The lower Fernando or Ashton zone, consisting 
largely of shales and hard sandy shales, did not contain strata in 
which water was plentiful or moved freely. Therefore, the oil 
retained in these beds was not subjected to the chemical action of 
free-moving waters and is, therefore, the lighter gravity oil of the 
field. Sandy, porous beds predominate in the Bolsa zone, and 
water was probably plentiful in these strata when the oil was being 
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formed and forced out of the underlying rocks. That part of the 
oil which found its way into the Bolsa zone accumulated beneath 
the overlying impervious strata under conditions of direct associa- 
tion with water and underwent a chemical reaction which increased 
its gravity. 

DISCUSSION 

E. J. Younc: As has been pointed out by Mr. Gester, the Bolsa zone is 
separated from the lower or Ashton zone by an intermediate edge water. This 
so-called Copeland water was encountered early in the history of the field and 
caused the operators considerable trouble until its presence and position were 
definitely established. Effective shut-offs above the Ashton zone are obtained 
at depths varying from 3,100 to 3,500 feet, depending upon the well’s position 
on the structure. The Shell Company’s Ashton No. 1 was the first well to 
produce in this Ashton zone, and all the later wells in the northern portion of 
the field shut off conformably with it. The wells were drilled progressively 
deeper and deeper with development until there were many producing clean 
oil from 1,400 to 1,600 feet of open formation. The prolific production is 
found in the lower 600 to 800 feet of the Ashton zone, the gravity of the oil 
ranging from 24 to 29 degrees. 

As development continued northward, a line was finally reached where 
edge water became a controlling factor; this was first indicated by the Petroleum 
Company’s Brown No. 1. We are now cognizant of two edge waters in the Ash- 
ton zone which have been encroaching rapidly up the dip. The first is a water 
lying about 300 to 400 feet below the top of the Ashton zone and is popularly 
known as the “Brown” water, being first recognized with the completion of the 
Petroleum Company’s Brown No. 1. The other edge water exists at about 
1,450 to 1,500 feet below the top of the zone and has been called the “‘ Pearce” 
water, having been first recognized in Amalgamated’s Pearce No. 6. This 
water is comparatively recent and has already encroached up the dip to include 
such wells as Copeland Nos. 12 and 16. 

These intermediate edge waters have a very important bearing upon the 
Huntington Beach field at the present time, and the early recognition by the 
operators of the seriousness of the situation has been a very great aid in the 
handling of this water problem. 


I 

d 

\ 

t 

a 


SOME PLANETABLE METHODS 


WALTER A. ENGLISH 
Los Angeles, California 


USE OF SIGHTING POINTS OFFSET FROM PLANETABLE 
STATIONS 

In expanding a triangulation net it is desirable to make use of 
sighting points already at hand and visible from considerable dis- 
tances, rather than to erect flags directly over points occupied or to 
be occupied. Thus set-ups are preferably made near to some natural 
feature which may later be used as a sighting point. Such features 
as church and school steeples, grain elevators, lone trees, and 
prominent rocks are available in many localities for triangulation 
points. Most of such “stations” cannot be occupied conveniently, 
and when a planetable station is located near one of them, the 
writer uses the sighting point in one of the two following ways. 

If the sighting point is to be used for backsight orientation, 
and is more than a few feet from the set-up, a “lining in’? method 
must be used if maximum accuracy is desired. If less accuracy is 
required, it will only be necessary to make a large scale drawing 
showing the sighting point in proper relation to the point of the 
set-up. This diagram will be used as a guide in sighting to the 
left or right of the sighting point in later backsights to make 
use of the location previously determined close to the sighting point. 
The use of these two methods may be illustrated by Figure 1, which 
is drawn to represent a planetable sheet. 

Suppose a base line a mile long is measured along a country 
road, and the ends of the base, A and B, are marked by small flags, 
each visible from the other end of the base, but not from a greater 
distance. Points C, D, and £, each a prominent natural feature 
visible from a distance, are located by foresight lines from the 
two ends of the base. It is now desired to occupy and locate 
a point (# in Fig. 1) near to a large oil tank some miles distant 
from B. The center of the tank (H, Figs. 1 and 2) will be used as 
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a sighting point. The flag at B will not be visible from , but 
the point E may be used as a sighting point, and an accurate 
backsight orientation at # may be prepared for by a “lining in” 
method. While the planetable is set up and oriented at B, pick 
out a point, F, at a considerable distance in a suitable direction, 
and with the line of sight bearing on F, draw orientation lines 
near the two ends of the straight edge of alidade. Next send the 
rodman as near as possible to £, and in line between EZ and H. 


val 
h 
| * 
G F- 
xC xD 


Fic. 1.—The figure represents a planetable sheet and is drawn to illustrate the 
use of offset sighting points. 


Then proceed with the planetable in the line of F-B until signaled 
by the rodman that you are in line between EZ and H. It will then 
be easy to line in accurately on B and F, and make a set-up at G, 
which lies at the intersection of the lines H-H and B-F prolonged. 
Orientation at G is made by backsight on F, and a foresight line 
is drawn through Z toward H. We may now proceed to the point 4, 
which is selected to ke on E-H, orient by backsight on EZ, and 
locate by resection on C and D. 

Since the point H, rather than the located point 4, will be 
used as a sighting point in later work, make an offset diagram 
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showing H and h in proper relation to each other. This diagram 
may be put in one of the small rectangles found on the left page 
of most traverse notebooks. Such a diagram is shown in Figure 2. 
The diagram will be used as a guide in sighting to the left or right 
of H in order that the line of sight may be made to bear on /: even 
though the latter point is not visible. As an illustration, suppose 
we occupy the point J (Fig. 1) and wish to locate by the three- 
point method, H, C, and £ being 

visible. Make a preliminary {| 
location for J, and draw the 
line Y-Z on the offset diagram \ 
parallel to J-H. This may be | | 


done with sufficient accuracy | | y / 
by placing the notebook (or | v Yas 
rather diagram) in approximate Xf, \ 
orientation on the planetable 
board, and getting the direc- 
tion J-H by sighting toward H Fic. 2.—Diagram of tank and station 
along the edge of a scale or A of Figure 1, to be used for determining 
protractor. The line Y-Z will the relation of the sighting point (tank) 
5 2 to the point located, for making backsights 
show at once by inspection just when the tank but not / may be seen. 
what part of the tank H to 
sight toward in order for the line of sight to bear on’the point h, 
which is not visible itself. 

A slightly different use for the offset diagrams may be illustrated 
as follows: Suppose that when the table has been set up at 4, it is 
desired to determine the location of the point H instead of the point 
at which the table is located. Make a preliminary location for 
H (which need not be accurate), and draw the lines M-N and O-P 
on the offset diagram (Fig. 2) through the points / and H, both 
lines parallel to the line H-D. Scale the distance between M-N 
and O-P, which in the example is ten feet. Now by sighting on a 
point ten feet to the right of D (which point we may call D’) we 
may draw a line through D to intersect the line from E toward H. 
The intersection will determine the point H, as the line of sight 
h-D’ is parallel to the line D-H, and may therefore be used in 
determining the correct direction of D-H on the board. The 
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location of the point D’ must be estimated by the eye, being guided 
by the known dimensions of the sighting point, D. The location 
of H thus determined may be checked by a similarly constructed 
line from the point C. In making offset sights, it should be remem- 
bered that with alidades having an erecting prism the right and 
left of the image are reversed. Thus if we wish to sight to the right 
of D, it is necessary to sight on a point which through the telescope 
appears to be on the left of D. 


PREPARATION OF CORRECTION TABLE FOR 
USE WITH GRADIENTER 


Many of the alidades now in use by geologists are provided 
with a gradienter screw, which is used for reading small vertical 
angles. If properly used, these screws may be made to give 
considerably more accurate results than the vertical arc. A correc- 
tion table should be used with the gradienter for maximum accuracy. 
The following method for preparation’ of such a table has been 
found more accurate than other commonly used methods. The 
table is theoretically correct only when the distances used are real 
distances, such as would be scaled from the planetable sheet triangula- 
tion points, and not observed stadia distance. For most angles 
read with a gradienter the difference between the observed stadia 
distance and’real distance is so slight that its effect may be neglected, 
or by a slightly more complicated method of figuring than given 
in the following, the table may be made to apply to observed 
stadia distance. 

A stadia rod is fixed in a vertical position, as against a tele- 
graph pole. A distance from the rod of too feet is accurately 
determined with a steel tape, the table set up, and the alidade 
placed so that the cross axis of the alidade lies accurately above 
the:-measured point. The alidade is sighted toward the rod, the 
gradienter screw is set at zero, and the telescope is approximately 
leveled, using only the thumb screw which clamps the horizontal 
axis. The gradienter screw is then backed up a short distance 
and screwed forward until the gradienter reading is again zero. 
The rod is then slid up or down until the middle hair intersects an 
even foot mark. Now by turning the screw in until the hair inter- 
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sects successive foot marks on the rod, true values may be determined 
for each gradienter reading. Thus if the first foot mark from 
where the work started is reached when the gradienter records 1.03, 
it means that .03 should be subtracted from all gradienter readings 
of one full turn to obtain a true value for the angle through which 
the line of sight has been turned. A table may be prepared showing 
either true values to be used fot each indicated gradienter angle 
or it may show the amount to be added to or subtracted from the 
value read to obtain the correct figure. In reading angles for use 
with this table the gradienter screw should be started at approxi- 
mately the same place from which it was started in the preparation 
of the table. 

Before starting these operations, the surface of the lever arm 
at the place of impact of the gradienter screw should be smoothed. 
With most instruments in use at present this arm is made of material 
of the same hardness as the end of the screw, so that in time a pit 
forms at the point where the end of the screw presses. This will 
affect the accuracy of the readings, as the construction is such that 
the screw slides slightly up and down on the lever arm when turned 
in or out. If it works against a pitted surface, its action will not 
be uniform. A preferable construction would embody a smooth 
plate of hard metal for the end of the screw to work against. This 
construction is used in one instrument that has come on the market 
recently. 

USE OF TARGET ROD FOR STADIA MEASUREMENTS 

During the past season the writer has tried out with very 
satisfactory results the use of a target rod in place of the ordinary 
self-reading stadia rod. Figure 3 shows the character of the rod 
used. It consists of two wooden sticks one inch square and five 
feet long, constructed with metal heads and points so that they may 
be driven in the ground. On each stick is fixed a target ten inches 
square, painted red and white on alternate quarters. The targets 
may be moved up and down on the rods and clamped in any desired 

t Another method for the construction of tables for the gradienter is given by 


Kirtley F. Mather in “Manipulation of the Telescopic Alidade,” Jour. Sci. Lab. Deni- 
son Univ., Vol. 19, pp. 133-34. 
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position. A sleeve is fixed on one rod through which the other 
rod may be slid, and the two used as an ordinary target rod for 
distances up to that corresponding to the stadia interval for the 
full extension of the rod, which is about 8.5 feet between targets. 
For distances greater than 1,700 feet it is necessary to use the targets 
for so-called “ground rod” readings. One of the rods is driven in 
the ground to stand upright and the other held at a distance from 
it in a plane normal to the line of sight from the instrument to the 
targets. The target held by the rodman is moved back and forth 
in response to signals from the instrument man until the two 
targets are just the stadia 

| interval apart. The distance 

4 1 o 4 2 8 between the targets is then 
measured with a tape and 
| # $5 6 signaled back to the instrument 

man. With this method it is 
te 7 of course necessary for the barrel 

| inhi 7 TT of the alidade to be revolved on 
its longitudinal axis so that the 
stadia hairs are in a vertical 

Fic. 3-—Shows target rodandsimple position. In reading a vertical 
of am Sans fr we of angle the hair which would nor 
—-. mally be the vertical hair is used 

for the horizontal hair. 

The writer uses the system of arm signals for numbers shown 
in the diagram. In giving signals, a red flag is always held in the 
same hand to aid the instrument man in reading the signals. This 
system of signals can be learned in a couple of days so that numbers 
can be given or received correctly with little effort.’ 

The advantages claimed for this rod as compared to the ordinary 
stadia rod are as follows: (1) Much greater distances may be read. 
Sights of as much as two miles have been made by the writer, and 
even longer sights could be made by using slightly larger targets. 
(2) In taking sights toward the sun, the outline of the targets may 


t Many geologists prefer to use the two-arm semaphore code developed by the 
army signal corps, as this makes possible not only the transmission of numbers, but 
also the rapid sending of verbal messages.—EbIToR. 


SOME PLANETABLE METHODS 53 


be seen when it would be utterly impossible to read any of the 
markings on a rod. (3) Greater accuracy is obtained, as the cross 
hairs may be set more accurately on the targets than divisions on a 
rod can be read. (4) The rod is much lighter and more compact 
than an ordinary stadia rod. It is easier to carry in the field, and, 
by removing the targets from the rod, it may be shipped by express 
without trouble or may be stowed out of sight in a car in case it 
is desired to keep the equipment unobserved. (5) There is no 
chance for error on the part of the instrument man in reading the 
distance on the rod or in reading the foot mark on the rod to which 
the vertical angle was read. This is a considerable advantage when 
it is necessary to use an inexperienced instrument man. The 
rodman can keep a record of the distance to each station and later 
check the correctness of the figures used by the instrument man. 
(6) In taking ground-rod reading, both targets are about four feet 
above the ground and are less affected by heat waves than the lower 
part of a rod held close to the ground. 

The following may be urged as objections to this method: (1) 
Distance determinations require more time than with the self- 
reading rod. This is true for an instrument man experienced in 
making rod readings, when the rod may be clearly seen. But if the 
instrument man has difficulty in seeing the divisions on the rod, 
as is often the case, or has to count the number of feét intercepted 
between the cross hairs, he usually uses more time than is necessary 
for the ground-rod method. The writer has timed himself and gets 
an average time of a little over three minutes for readings where the 
distance isless thana mile. Itis believed that the advantages of the 
method more than compensate for the slightly greater time required. 
(2) The rodman should have binoculars in order to see the signals 
of the instrument man on long sights. This is, however, only 
true for sights which would be beyond the scope of the ordinary 
rod method. (3) An error may be introduced in the distance 
determination if the rodman fails to hold the two targets in a plane 
normal to the direction of the line of sight from the instrument." 

t The writer made tests to determine the error which may be introduced in this 


way, with the following results: Five men were tried out, each making ten settings 
of the rods, the angle of error being accurately determined for each setting. The 
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(4) With the ground-rod method there is no possibility of getting 
level sights for the determination of difference in elevation. (5) 
In some brushy or tree-covered areas, readings may be made 
possible by holding a rod high in the air above the level at which 
the ground rods could be easily manipulated. 


DISCUSSION 


K. C. HEALp: There are many regions, particularly in timbered country, 
where it is desirable for the instrument man to be able to get a rod reading no 
matter how far away the geologist may be. Commanding stations for the 
instrument man may be hard to find, and a single shot a mile or more in length 
may save hours of arduous traversing. 

E. M. Price: I question the necessity of using two rods in establishing 
a horizontal base and wish to ask whether time would not be saved by bringing, 
say, the left stadia wire on rod, and then signaling the rodman to move to 
the right until subtended by the right stadia wire, using the same rod for both 
positions. 

WALTER ENGLISH: I agree that time might be saved, but believe that two 
rods are conducive to better visibility and accuracy. 


maximum error in the fifty settings was 21°, which corresponds to an error in distance 
of 65 feet per 1,000. Two of the men made no error of more than 10°, and a third 
only exceeded this once by 3°. ‘Ten degrees corresponds to an error in distance of 
15 feet per 1,000, and it is believed that with proper care this error should not be 
exceeded. The average error for all settings was a little less than 6°, which gives an 
error in distance of only 6 feet per 1,000. If greater accuracy than the above results 
indicate is desired, a small sextant could be attached to the top of the rod held by the 
rodman and used in locating the rod in its proper relation to the other rod and the 
planetable. In this connection it must be remembered that an analogous error is 
made with the ordinary rod method when the rodman fails to hold the rod in an exactly 
vertical position. 


A SECTION OF THE MONTEREY (SALINAS) SHALES 
IN PINE CANYON, MONTEREY COUNTY 
CALIFORNIA 


WALTER STALDER 
San Francisco, California 


On the west side of the Salinas Valley in the vicinity of King 
City, Monterey County, California, is an area of bituminous shale. 
This is a part of a larger shale area which has been described pre- 
viously in a general way but as yet has been neither mapped nor 
studied in detail. In 1917 some work was carried on by the writer 
during the course of which a cross-section in Pine Canyon was 
measured. The section is here described and the nature of some 
of the beds, particularly with relation to oil indications, is noted. 
In the work of measuring the thickness of the beds, the writer was 
assisted by Mr. Irving Miller. 

This bituminous shale was first noted by William P. Blake in 
1855. Subsequently the formation has become known to geologists 
and oil operators in California as the “‘ Monterey shale formation,” 
the ‘‘Monterey shale series,” or the “Monterey shales.” Else- 
where in California the shale has been found to contain interbedded 
sandstone members. Because of this fact A. C. Lawson for the 
United States Geological Survey has recently classified the shale with 
its interbedded sandstones and other sandstones of the Lower Miocene 
under the general name “Monterey group.’* In view of this use 
of the term Monterey, Walter A. English has proposed the name 
“Salinas shale’? as a substitute for the beds which occur on the 
west side of the Salinas Valley. It might be mentioned, however, 
that according to common usage any sandstone member of the 
Monterey group is called a Monterey sandstone and likewise any 
shale member is a Monterey shale. All of the sandstone members of 
the Monterey group can be designated very properly as the Mon- 

*U.S. Geol. Survey, Folio 193, p. 9. 

2U. S. Geol. Survey, Bull, 691, p. 228. 
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terey sandstones and all of the shales may be called the Monterey 
shiles. The simplification in nomenclature in defining the group 
and the change in name suggested by Mr. English is appreciated. 
It is generally realized by California geologists, however, that until 
the west coast Tertiary beds have all been mapped carefully and 
studied thoroughly, any classification will be subject to change. 

In a large way the geology in the vicinity cf Pine Canyon is 
simple. To the west lie the high peaxs of the Santa Lucia Range, 
composed chiefly of a granite mass which reaches its greatest 
eminence in Santa Lucia Peak. Flanking the granite mass and 
with a general northeasterly dip toward Salinas River, are the 
Vaqueros sandstones and shales of Lower Miocene age, the lowest 
division of the Monterey group. Above and resting upon the 
Vaqueros sandstones are the Monterey (Salinas) shales, limestones, 
dolomitic shales, dolomites, tuffs and cherts of Middle Miocene 
age. These strata also dip in a general northeasterly direction 
but are involved in small folds toward the valley. The Monterey 
shales in this vicinity are followed by the Santa Margarita (Upper 
Miocene) sandstones and shales which in turn, are overlaid by 
sandstones, gravels, and shales of the Paso Robles, fresh-water 
Pliocene, formation. These younger beds also dip toward the Salinas 
Valley and overlap in places the Santa Margarita sandstones and 
the Monterey (Salinas) shales. Later terrace gravels, stream 
deposits, and sand dunes constitute the youngest deposits in the 
region. Salinas Valley in this vicinity occupies a broad syncline. 

In the section measured, no sand strata whatever were found; 
the shales and associated fine-grained rocks are a unit, as far as 
seen in successive outcrop. In the actual measurement of the beds, 
Section A—B in Pine Canyon was chosen after considering the entire 
west side of the Salinas Valley for a distance of forty miles. The 
reasons for choosing this locality were that the shales and associated 
rocks can be followed across their outcrops in an almost straight 
line, the successive outcrops are nearly continuous, the observations 
are at fairly uniform elevation, and the extremely thick brush 
which covers the eastern slopes of the surrounding hills can be 
avoided. Measurements were discontinued at point B because no 
new unmeasured strata were observed between B and C and beyond 
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C, strata of the Paso Robles formation and later terrace deposits over- 
lap the Monterey (Salinas) shales, obscuring them from view until 
at the point D where cherts come to view. The measured section AB 
reveals 4,900 feet of sediments comprising the greater part of the 
shale beds. Should the shales have the same ratio of thickness to 
the horizontal distance between points C and D as between A and 
B, there should be added to the 4,900 feet actually measured an 
additional 1,350 feet, making a total of 6,250 feet as the possible 
thickness of these beds in Pine Canyon. They are, therefore, 
recorded as having a minimum measured thickness of 4,900 feet and 
a possible thickness of 6,250 feet. 

These Monterey (Salinas) shales and associated rocks in Pine 
Canyon are of the same general bituminous nature as similar rocks 
in other parts of California. At the base are bands of limestone, 
organic shale, dolomitic limestone, flinty shales, and flints, varying 
from one-half inch to fifteen inches in thickness. On fresh fracture 
the limestones have a strong petroliferous odor, and where cracked 
the dolomitic limestones and flinty shales are usually filled with 
asphalt residues. These rocks constitute the first fifty feet of the 
Monterey (Salinas) shale but soon give way and are subordinate to 
organic shales of a tough, resistant, largely dolomitic nature, in 
part semi-flinty, weathering on the surface to brown, yellowish, 
gray, and white fragments, and frequently discolored-with petroleum 
residues where unweathered and more organic in character. The 
harder semi-flinty beds stand out more boldly in outcrop but search 
reveals softer beds of purer diatomaceous shales in contact with 
them. All of these beds usually occur in bands varying in thick- 
ness from a half inch to a foot or more, and where soft, thicker bands 
are frequently found. The tough, hard shales constitute the largest 
part of the measured section. 

Lenses and bands of dolomitic limestone from three inches to as 
much as three feet in thickness are found at frequent intervals 
through the section. Where cracked, the seams in these bands 
invariably contain dry asphalt residues, but in some cases also, 
calcite. Thirty-five separate dolomitic bands interstratified with 
the shales were counted in the upper 1,200 feet of the beds meas- 
ured. Near the axis of the small anticlinal fold indicated to the 
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right in Figure 1 the dolomitic limestones were observed to be partic- 
ularly weil cracked and seamed with dried and somet‘mes plastic 
asphalt residues. Three sulphur springs were found, as indicated 
on the cross-section. 

No oil seepages were observed along the line of the measured 
section but on Vaqueros Creek, twelve miles to the northwest, 
several tar seepages occur near the base of the shales. 

Beyond the measured section at D the best exposures of cherts 
observed in Pine Canyon were found in outcrop. They dip here 
at angles of from sixteen to twenty-three degrees eastward, and, 
although not folded at this particular place, certain bands have been 
crushed and reduced to particles varying from the size of coffee 
grounds to the size of a pea, while others contain still larger fragments 
in the cracked mass. The interstices between these particles are 
filled with dry petroleum residues. Examination reveals the fact 
that only a few of the chert bands have been thus shattered, and 
that others are hardly cracked at all. In view of the fact that in 
the Santa Maria oil field, California, many of the oil wells derive 
their production from similar cracked cherts and shales, the occur- 
rence of these particular beds in Pine Canyon is of special interest. 

It appears that the movement in the chert strata caused by 
adjustments due to tilting without anticlinal folding is sufficient 
to crack some of the bands and to make them porous. It is possible 
that they may be so cracked in some places but unbroken in others 
that where they form the oil measures in a commercial field the 
field may be distinctly ‘‘spotted.’”? The fact that some wells in the 
Santa Maria oil field encountered petroliferous cracked shales and 
cherts while neighboring wells found no oil suggests that the condi- 
tions observed in Pine Canyon may offer an explanation which is 
applicable to any oil field which obtains oil from flints, cherts, 
hard shales, or limestones which are cracked. The nature of these 
cracked cherts also indicates that oil concentration in them may be 
of the same general type as in lens-shaped sands such as are found 
in places on the west side of the San Joaquin Valley, and if such is 
the underground condition, dome or anticlinal structures may not 
be necessary for the accumulation of oil in such areas. 

Petroleum-stained dense shales which give no effervescence when 
treated with cold hydrochloric acid but do effervesce when warmed 
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with the acid are dolomitic. The dolomitic character of the shales 
suggests the former presence of sea water, the magnesium chloride 
of which acted upon the calcium carbonate of the shales forming 
the dolomitic shales. That calcium carbonate is present in some 
of the heavy shales is indicated by foraminiferal remains which 
may be observed frequently in some of the rocks which have not been 
completely altered. Magnesium salts almost invariably crystal- 
lize out of water seeping from the shales. 

The petroleum stains in these dolomitic shales, together with 
distinct evidence of petroleum in the limestones and dolomites 
themselves, further suggest that oil originating in the organic shales 
is derived from foraminifera as well as from diatoms and that it is, 
therefore, not necessary to have an abundance of diatomaceous 
shales in any region if the dolomitic or calcareous shales derived 
from foraminifera are present. This seemingly has an important 
commercial application, for investigators have been frequently 
inclined to reject California Tertiary areas which do not have an 
abundance of light, highly diatomaceous shale in the vicinity. 

From what has been observed, this district with its great thick- 
ness of fine grained sediments invites a further much more detailed 
scientific study in relation to the origin of the oil and its occurrence 
under those conditions of cracked cherts, dolomitic limestones, or 
other brittle rocks which are here so well illustrated in outcrop as to 
be an index of what might be expected in many prospective oil 
fields where rocks of similar nature are involved. 


( 
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EARLY OIL DEVELOPMENT IN CALIFORNIA!’ 


W. W. ORCUTT 
Los Angeles, California 


California has always been a land of romance. The events of 
its history are like the acts of a drama. Even before its definite 
discovery, it so stirred the imagination of men, that in his novel, 
published in Madrid in 1510, Ordonez de Montalvo gave the name 
“California” to a mythical island in the Pacific lying ‘to the right 
of the Indies and very near the quarter of the terrestrial Paradise.” 
Therefore, in 1542, when the hardy conquistadores, under Cabrillo, 
turned their prows to the northwest, they were searching for this 
prophesied El Dorado, this “Land of Heart’s Desire.” 

Following Cabrillo, whose bones still moulder in one of our 
Channel Islands, came the Padres under Junipero Serra. The 
story of their devotion to the cause of Christ in a heathen land is 
written in California’s noblest heritage, the Missions, which, like 
a string of jewels, lie along the state from San Diego to San Fran- 
cisco. : 

The glamor of romance still lingers in the later settlement of 
California by the Spanish Dons, which culminated in the “‘ Splendid 
Idle Forties.” Then came the dramatic discovery of gold at 
Marshall’s Mill in 1848, which so excited the cupidity of men of 
every nation and clime, that by ship, by oxcart, and on foot, they 
crowded to search for this hidden treasure. 

In this connection, it is interesting to note that as early as 1833, 
Don Abel Stearns, a pioneer of Los Angeles County, whose name 
is perpetuated in the ‘‘Stearns Lease’ of the Union Oil Company 
of California, made a discovery of gold in the hills near Newhall. 
The gold discovered was sent to the mint at Philadelphia where it 
was coined and then returned to the discoverer. 

Read before the Association at the Los Angeles meeting, September, 1923. 
Manuscript received by the Editor, December, 1923. 
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With the waning of the gold excitement and the exhaustion 
of the mines, the treasure seekers were on the lookout for other 
forms of wealth in this ‘Land of Promise.”’ 

About this time Colonel Drake had drilled his first well in Penn- 
sylvania and found oil, ‘“‘the black gold of commerce,” in paying 
quantities. Once more the imagination of the adventurous within 
her borders was aroused by the hope that California should again 
prove the bountiful mother and be “oil-bearing”’ as well as “ gold- 
bearing.” There was a reason for this hope because the number 
and extent of the oil seepages and brea beds in Ventura and Los 
Angeles counties had become a matter of common knowledge. 

The California Indians knew well the location and extent of 
the brea beds and oil seepages. Hard asphalt was used by them 
in mending mortars and pestles, and for cementing basket work 
on top of shallow mortars to increase their capacity. It was also 
used in fastening the arrow and spear heads to their wooden shafts 
and for making impervious to moisture the jars used for water and 
the large baskets utilized as granaries for the storage of food and 
seed. 

When the Portola Expedition left San Diego on their march 
over land to San Francisco, at a point a few miles below Santa 
Barbara they found Indians making wooden boats, “pitching 
them within and without” with asphalt. This place Portola 
named “Carpinteria,” meaning in Spanish ‘the carpenter’s shop.” 

The Indians used the light oil from the seepages for coughs 
and colds, and for cuts and burns. This oil was highly prized, 
and was an article of commerce between the Coast tribes and the 
Indians of the interior, who were remote from the source of supply. 

Likewise, the early Spanish Dons of California, the Padres and 
their vaqueros and Indians, knew of the existence and location of 
these same oil seepages and brea beds. There is a legend from the 
San Fernando Mission to the effect that in 1855 General Andreas 
Pico and his nephew, Romulo Pico, took oil for experimental and 
refining purposes from the seepages and hand-dug pits in the canyon 
near Newhall which bears their name. This is the first reference 
in the history of California where an attempt was made to utilize 
crude petroleum. 
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However, in the early sixties a merchant by the name of Gilbert 
had a small refinery in the town of Ventura in the Ojai Valley. 
The oil he used came from hand-dug pits and from natural seepages 
which abound in the vicinity of Sulphur Mountain. In the early 
part of 1864, Professor Silliman of Philadelphia, while traveling on 
the Pacific Coast, met Mr. Gilbert and was much impressed with 
the oil possibilities of Ventura County. Professor Silliman was so 
enthusiastic over the prospects that he immediately wrote a letter 
to Thomas Scott of Philadelphia, a man of ability and considerable 
means, who was then associated with the Pennsylvania Railway 
System. An extract from Professor Silliman’s letter, referring to 
the Ojai Ranch, reads as follows: 

The property covers an area of 18,000 acres of land in one body, on which 
there are twenty natural oil wells, some of them of the very largest size, The 
oil is struggling to the surface at every available point and is running away 
down the rivers for miles. Artesian wells will be fruitful along a double line 
of thirteen miles, say for about twenty-five miles in linear extent. The ranch 
is an old Spanish grant of four leagues of land, lately confirmed and of perfect 
title. It has, as I stated, 18,000 acres of the finest land, watered by four 
rivers, and measures in a straight line, in all, nearly thirteen miles. But its 
great value is in its almost fabulous wealth in the best oil. 


Thomas Scott soon succeeded in interesting some of his friends, 
and a syndicate was formed which purchased the Ojai‘Ranch and 
other properties in Ventura County. In the early part of 1865 
they secured in New York City the first drilling equipment ever 
sent to California. This consisted of three boilers, three engines, 
casing and drilling tools, a refining furnace, retort, and wooden 
barrels in which to handle the oil. A barrel of oil in those days 
meant just that: a wooden container having a capacity of forty-two 
gallons. 

Thomas Scott had two young nephews whom he sent to Cali- 
fornia to look after his interests. One of these was Thomas R. 
Bard, who was later so great a factor in the development of the 
state, and for whom the town of Bardsdale, in Ventura County, 
was named. Mr. Bard was for a long time President of the Union 
Oil Company of California, and was a large landholder. He also 
represented California at Washington as United States Senator. 
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Scott’s syndicate selected a location for its first well near the 
tar beds, on the east bank of San Antonio Creek (Ventura River), 
about five miles from the town of Ventura, which well was com- 
pleted in 1866 at a depth of 500 feet. Some tarry oil, which 
formed the brea bed, was encountered, but the well was not a 
success No. 2 was located five miles farther up the creek. It was 
drilled to 520 feet and found some oil, though in small quantities. 
No. 3 was drilled twenty miles from Ventura on Sisar Creek. near 
the outcrop of the oil measures. It was intended to drill this well 
to a depth of 1,500 feet, but upon the advice of Jackson and Torrey, 
two celebrated chemists of New York, the well was abandoned at 
a depth of 320 feet, as was also No. 4, located near No. 3, at a 
depth of 300 feet. Upon the advice of Jackson and Torrey, No. 
5 was located on a big seepage in the same locality. This well 
was drilled with a spring pole. Between 80 and too feet oil was 
struck which filled six of the wooden barrels daily by pumping. 
No. 6 was drilled near by with the machinery from New York, 
and was the best well of all. It was 550 feet deep and produced 
daily from fifteen to twenty barrels of good grade oil. This well 
was a consistent producer for many years. The property was later 
named the ‘Silver Thread.” 

This development took four years’ time and an expenditure of 
$200,000 in money, which was considered lost, because, although 
success had been attained in finding oil, there was only a very 
limited market, and it would take many years to repay, from profits, 
the large sum of money expended to that date. 

Simultaneously with the drilling of Ojai No. 1, Leland Stanford, 
in furtherance of his railroad project with Huntington and Crocker, 
was attracted by the seepages and brea beds in Ventura County, 
and, miner-like, decided to drill a tunnel in the south slope of Sul- 
phur Mountain, so located as to intercept the steep dipping oil 
sands outcropping at its base, which oil sands created a line of 


seepages some sixteen miles in length. The tunnel was completed 
in 1866. It was eighty feet in length, with the floor so inclined 
to the mouth that the oil flowed by gravity into tanks just a little 
lower in elevation. This tunnel showed the practicability of this 
method of producing oil, and for twenty-five years tunneling for 
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oil was carried on intermittently. In all, thirty-one tunnels were 
drilled into the face of Sulphur Mountain, ranging in length from 
80 to 1,609 feet, with production ranging from one to twenty 
barrels per day of good oil. 

The first oil well in Pico Canyon was drilled in 1875 with a 
spring pole by C. A. Mentre. This well was located on the very 
axis of a steeply dipping anticline, and showed two barrels of 32 
gravity oil at 30 feet. This well was deepened to 75 feet, where 
it produced five or six barrels per day. No. 2 was also drilled with 
a spring pole, with about the same production; but No. 3 was a 
dry hole. No. 4 produced 150 barrels at a depth of 600 feet. 

The showings in these three wells soon attracted attention, and 
in 1875 Ex-Mayor Bryant of San Francisco became interested in 
the field. In 1876 Messrs. Bryant and Scofield organized the 
California Star Oil Company, and Mr. Mentre assigned his lease 
to this corporation. In 1879 Mr. McPherson and C. M. Felton 
came into the field, and in that year organized the Pacific Coast 
Oil Company, which some years ago was absorbed by the Standard 
Oil Company of California, and became the nucleus of the Standard’s 
holdings in California. 

In 1883, Lyman Stewart and W. L. Hardison, who had already 
been identified with the oil industry in Pennsylvania, arrived in 
California and drilled four wells on Christian Hill, just east of 
Pico Canyon. These wells were all dry holes. A fifth well, which 
was a good producer, was drilled to the west of Pico Canyon. 
This well was sold to the Pacific Coast Oil Company for enough 
money to reimburse Messrs. Stewart and Hardison for their previous 
drilling losses on Christian Hill, and is still producing after forty 
years. Messrs. Stewart and Hardison then moved to Santa Paula, 
Ventura County, and soon after expanded their operations, which 
were successful, making that county the principal center of the 
industry. The characteristic perseverance and faith of these two 
oil pioneers, which led them to drill a fifth well after four failures, 
later laid the foundation of the Union Oil Company of California. 

During the twenty years that this development of oil was taking 
place, some attempts were made to refine the crude oil obtained. 


However, it was not until 1876 that the first practical refinery 
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was built at Newhall by D. C. Scott anda Mr. Wood. This refinery 
was located near the old cemetery, one mile east of the town on 
the present highway. The capacity of the refinery was twenty 
barrels per day, and the oil was put in wooden barrels and hauled 
by teams from the wells. The layout of this plant can be recognized 
from the roads, grades, and the position of the stills as located by 
the remains of the old bricks. 

In 1879 a new and up-to-date refinery was built by J. A. Scott 
and Mr. Morrison near the present Southern Pacific Railroad, 
one-half mile east of Newhall. This plant is still standing, and 
shows very clearly the arrangement and method of refining. 

In 1878 E. A. Edwards built a refinery, with a daily capacity 
of twenty barrels, at the mouth of the Little Sespe, in Ventura 
County. He sold his kerosene in Los Angeles, and the lubricating 
oil to A. C. Dietz of San Francisco, and to Allen & White, who were 
connected with Leland Stanford of the Southern Pacific Railroad 
Company. 

Thus, little by little, the oil business progressed. The records 
at the Port of Wilmington show that ninety-seven barrels of crude 
oil were exported for the year 1873. Today this harbor is the 
largest oil export port in the world. 

During the early and middle seventies oil development in Los 
Angeles and Ventura counties was being prosecuted in several 
places. In 1876 E. A. Edwards drilled a well for Adams and 
Thayer in what is known as Adams Canyon in Rancho Ex-Mision 
de San Buenaventura. This well, which was known as Old Adams 
No. 1, was drilled on a large seepage which covered some 2 acres of 
ground. It was 80 feet deep and produced some two or three 
barrels of heavy oil. Later on, Adams No. 1 was drilled by D. 
C. Scott. It was located 100 feet south of Old Adams No. 1, and 
was a fairly good producer. In 1884 Hardison and Stewart drilled 
Adams No. 2, located about 100 feet south of Adams No. 1. No. 2 
was put on the pump and drained all the oil out of Adams No. 1; 
and likewise Adams No. 3, drilled 100 feet south of No. 2, drained 
Adams No. 2, making both No. 1 and No. 2 unproductive. No. 3 
was pumped for a great many years. 

In 1876 the Los Angeles Oil Company was formed to develop 
some 800 acres of government land located in the Little Sespe 
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district in Ventura County. This locality abounded in oil seepages, 
but was exceedingly rough and inaccessible. Expensive roads 
were built, and finally in 1877 the first oil well was completed in 
this district. Mr. Edwards’ refinery, located at the mouth of 
the Sespe, was completed in 1878, and drew its source of refining 
crude from this well. 

The first pipe line for transporting oil was laid in 1879 from the 
Pico field to the second refinery built near Newhall on the Southern 
Pacific Railroad. The pipe line was 2 inches in diameter and 5 
miles in length. The oil flowed by gravity. 

In 1884 and 1885 pipe lines were built from the Little Sespe 
wells, from the Silver Thread wells, and from Adams Canyon into 
Santa Paula. C. A. Burrows laid the first oil pipe line on the Pacific 
Coast, carrying oil to tidewater. The line was 4 inches in diameter 
and 16 miles in length, extending from Santa Paula to the town of 
San Buenaventura. The oil was run by gravity, and though parts 
of the pipe line have had to be replaced, most of the original line 
is still in existence and doing efficient work. Mr. Burrows also 
laid many other pipe lines, among which was the first line laid 
from Brea Canyon to San Pedro Bay. This line is still in operation. 
Storage tanks were erected at San Buenaventura for the storage of 
crude, and dock facilities were arranged for loading oil for tranship- 
ment by sea. Two wooden steamers, with inserted steel tanks, 
were constructed at San Francisco and put into service in 1888. 
They were sister-ships, one called the ‘““W. L. Hardison,” and the 
other the “George Loomis.” ‘These boats had a carrying capacity 
of 6,500 barrels each, which in those days was considered a large 
quantity of oil, and represented two full train loads of the small 
tank cars then in use which carried only 120 barrels each. Water 
transportation was much more economical than railroad shipment 
to San Francisco Bay points. As soon as these tankers were in 
service, the rail rate from Santa Paula to San Francisco Bay points 
was reduced from $1.00 per barrel to fifty cents per barrel, a rate 
which was maintained for many years. 

The “W. L. Hardison” caught fire while standing at the wharf 
at Ventura and burned to the water’s edge. The fire originated 
in the woodwork behind the overheated kitchen stove, and the 
inexperienced Chinese cook and crew, believing that oil tankers 
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were exceedingly dangerous and liable to explode in case of fire, 
left the boat and let it burn. The cook could have put out the fire 
with a bucket of water, thereby removing all danger to the crew 
or ship. The steel tanks which were inserted in the ship were later 
raised and used at the Santa Paula Refinery for storage purposes. 

The ‘George Loomis,” after an active and eventful thirty- 
seven years of service, is still afloat, and is now used as a barge in 
San Francisco Bay. 

In the year 1885 Hardison and Stewart had so organized their 
partnership that they were getting ready to run several strings 
of tools, and were in need of a general superintendent of experience. 
John Irwin, of Pennsylvania, was invited to take the position, and 
accepted. He was an efficient and untiring worker. He was a 
good geologist and no place was too far or too inaccessible for him 
to go in search of prospective oil territory. Mr. Irwin held the 
position of field superintendent for twenty-six years, when he 
retired on account of his advancing age. In those days practically 
all of the drillers were brought out from Pennsylvania, so that 
California might have the benefit of their experience. 

Oil wells that flowed more or less have been characteristic of the 
California oil fields for more than twenty-five years, but it is only 
in the last twelve or fifteen years that “gushers”’ have been devel- 
oped with sufficient volume of oil to attract the attention of the 
world. 

In February, 1892, Well No. 28, Adams Canyon, came in with 
an initial flow approximating 1,500 barrels per day. This was the 
first big well in the state, so no preparations had been made for 
taking care of so large a production. Before arrangements could 
be made to control the flow and provide sufficient tankage, the oil 
had run down Adams Canyon to Santa Clara River, and thence to 
the sea. This well produced 40,000 barrels before it ceased flowing, 
and was considered a phenomenal well. 


In 1898 and 1899 some phenomenal gushers were developed 
on Section 20, T. 19 S., R. 15 E., in the Coalinga field. Prior to 
that time several wells had been drilled on this section, and some of 
them flowed, but it was not until the Home Oil Company developed 
its famous “Blue Goose’ 


well that this district was looked upon 
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as real gusher territory. This well came in with an initial flow of 
1,500 to 2,000 barrels per day. It flowed for many months, though 
the average production was considerably less than the initial flow. 
Other wells of the Home Oil Company and the Chanslor and Canfield 
interests were gushers of considerable size, but none of them 
equaled the Blue Goose well in volume of production or staying 
qualities. 

In December, 1904, the Union Oil Company of California’s 
Hartnell No. 1 well, located in the Santa Maria field in Santa 
Barbara County, began to flow a solid stream of oil through 8-inch 
casing. ‘The initial flow was many times in excess of anything that 
had been developed previously in the state, and was the most 
wonderful fountain California produced until the opening of the 
big gushers in the Midway field in 1910. The gas pressure of this 
well was tremendous. The volume of oil was measured in weir 
boxes by a number of engineers. The actual flow of the well was 
33 miner’s inches, or approximately 12,000 barrels per day, this 
flow being maintained for about ninety days without apparent 
diminution. The well flowed vigorously for over two years, and 
produced approximately 3,000,000 barrels of oil before being put 
on the pump. 

During the next few years several other gushers were developed 
in other parts of the Santa Maria field, some of which had a capacity 
nearly or quite equal to that of Hartnell No. 1. During the years 
1909 and 1910 many wonderful gushers were developed in the San 
Joaquin Valley fields, particularly in the Coalinga field, and Midway 
district. Many of these gushers had an initial production of 15,000 
to 30,000 barrels. 

The largest and most spectacular well California has ever 
produced was Lakeview No. 1 at Maricopa. It came in with an 
initial production of 15,000 barrels on March 15, 1910, the produc- 
tion gradually increasing until May 18, when it reached 68,000 
barrels. An average of 48,000 barrels per day was maintained 
until July 12, when the well began to decline. This well went wild, 
the oil was caught in open ditches, and measured through a weir. 
The total volume of its output was 9,000,000 barrels for a flowing 
period of eighteen months. After reaching its maximum daily 
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production of 68,000 barrels, the well gradually declined to 18,000 
barrels per day. On account of the large quantities of sand which 
came out with the oil, the casing finally was worn through, and 
suddenly the hole caved in, and the greatest gusher California ever 
produced was dead. Though the well was redrilled it was never 
brought back. 

Stewart and McFarland drilled, in 1888, a well near the Brea 
beds on the Hancock Ranch, located near the westerly limits of 
the city of Los Angeles. This well was a failure. The well was 
located on the edge of the largest Brea bed in that locality. Some 
years later the writer went to the Hancock Ranch to study the 
geology of the neighborhood, and if possible discover the cause of 
the failure. In examining in detail the Brea beds he discovered, 
on the surface of the asphalt, a mosaic of beautiful white bones, 
uniform in shape, lying in an exact pattern. The pattern covered 
an area of about 16 inches in diameter. The white weathered bones 
made a beautiful contrast with the black surface of the hard 
asphaltum. After considerable work a portion of the specimen was 
removed, and a search for other specimens was undertaken. Within 
the next day or two several skulls, many bones and vertebrae of 
prehistoric animals were discovered and removed. ‘These were 
kept for a period of several years. Finally, after displaying the 
treasures to F. C. Anderson, a classmate of the writer’s at college, 
it was decided to give the specimens to Stanford University for 
identification, and for display in the paleontological department. 
Professor J. C. Smith, in charge of the department, suggested 
that Professor John C. Merriam was very much interested in 
this class of material, which was exceedingly rare. No specimens 
of the kind had previously been found in the United States. 
Professor Merriam was extremely interested, and came to Los 
Angeles immediately to examine the fossils and see the place 
from which they were taken. He was delighted beyond measure, 
and his enthusiasm for further research in the Brea beds was 
unbounded. He secured from the Hancock estate a lease on 2 
acres of ground, and soon began his excavations. In a short time, 
news of the discovery spread throughout the United States and 
Europe, and within three months, through the courtesy of Allen 
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Hancock, more than a dozen different institutions were working to 
uncover other specimens. Mr. Hancock very wisely allotted to 
each institution a particular area which it might explore. The 
entire area of the Brea bed, comprising some 20 acres, was divided 
up into several parcels resembling the claims in the early day gold- 
mining district. This work was carried on persistently for about 
two years, and the amount of material taken out was very large. 

About three hundred complete skeletons of saber tooth tigers, 
many mastodons, elephants, bison, horses, wolves, foxes, condors, 
turkeys, peacocks, and innumerable smaller animals were recovered. 
The Brea beds proved to be the richest find of material of this kind 
ever uncovered in the world. The preserving qualities of the 
asphaltum kept the bones from weathering, and all the remains 
were found in a perfect state of preservation. A very complete 
display of these prehistoric and extinct animals may be seen in the 
museum at Exposition Park, in Los Angeles. Many others were 
taken to the Smithsonian Institute and to the University of 
California. 

Romance had not yet gone from California. In 1893 E. L. 
Doheny, with his own hands, made hand-dug pits in what is now 
known as the Los Angeles oil field, from which he produced commer- 
cial oil. After the demonstration by Mr. Doheny, shallow wells 
were soon drilled, and in a period of two or three years several 
hundred wells had been drilled, and there was an overproduction in 
this vicinity. This oil was of heavy character and fit only for fuel. 
The discovery of this field by Mr. Doheny, which resulted in the 
first big overproduction, was really the beginning of the fuel oil 
business. The price for this kind of oil soon dropped to twenty-five 
cents per barrel, and the only way to dispose of this fuel oil was to 
build up enterprises which would use it. Oil-burning apparatus 
was introduced into the stationary power plants in the city. An 
endeavor was made to induce the railroad companies to put fuel 
oil on the locomotives, but the railroad companies were skeptical 
and doubted whether oil could be used successfully. If the railroad 
companies could be induced to use it on all their locomotives it was 
believed by the oil operators that a constant demand for the oil 
would be created. 
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The Union Oil Company of California was first to undertake the 
work of demonstrating the desirability of liquid fuel for locomotives. 
It arranged with the Santa Fe Railroad to remodel one of its engines. 
An oil tank was placed on the tender, and an oil burner was installed. 
Trial trips were made on the branch line running from Saugus to 
Santa Barbara, but the first installation was not a success. Finally, 
E. A. Edwards was called in and installed a forced feed burner with 
a steam jet. The flame soon put a blister on the boiler, this diffi- 
culty being finally overcome by building up baffle walls of fireproof 
material. After six months’ trial it was found to be entirely 
successful, and soon after the Santa Fe and Southern Pacific 
Railway companies installed apparatus for burning fuel oil. The 
demand for Los Angeles crude was greatly increased, and the pro- 
ject declared an unqualified success. Improvements in the oil 
burners have been made from time to time, but the original prin- 
ciple of the burner has remained very much the same. 

Mr. Doheny was the real discoverer and developer of both 
the Los Angeles field and the Olinda pool in Orange County. He 
also played a very important part in the early history of the Kern 
River and other fields in San Joaquin Valley. His greatest successes 
were attained during the past twenty years in the development of 
his Mexican properties, which have been the wonder and admiration 
of the world. By reason of his perseverance and foresight he is one 
of the outstanding figures in the history of oil today. 

Although the production of oil is today the greatest industry 
on the Pacific Coast, and one of the essential industries of the world, 
whether at peace or war, it has arrived at its present gigantic 
proportions through many vicissitudes. In the period up to 1900, 
there were many dark days for the oil men of California, Markets 
were poor, public interest was faint, pioneering was expensive, and 
financially the oil business had not yet arrived. Only the vision, 
which enabled 


the courage, and the sacrifices of the “oil pioneers’ 
them to ‘‘carry on” in the face of discouragement and hardships, 


which would have daunted men of weaker breed, saved the oil 
industry for this generation. 


THE ROLE OF THE GEOLOGIST IN THE DEVELOPMENT 
OF THE CALIFORNIA OIL FIELDS! 


ROBERT B. MORAN 
Los Angeles, California 


The first developments in the California oil fields took place 
close to the more conspicuous seepages, many of which are of very 
large extent. Some are associated with the monoclinal folds where 
the oil sands outcrop; other extensive seepages occur in or adjacent 
to the fields which are associated with faults of considerable magni- 
tude. In the Ventura fields there are accumulations of tar and 
brea several acres in extent. In some cases where seepages occur 
on hill sides, streams of tar may be seen which extend down the 
canyons for almost a quarter of a mile, and it is quite natural that 
seepages of this kind should have attracted early attention. There 
are also extensive seepages at Coalinga and McKittrick. At 
McKittrick the accumulations of tar and brea were worked by 
open cuts and pits for paving asphalt prior to any oil development 
by means of wells. The Southern Pacific Railroad had built a 
branch line from Bakersfield to Asphalto for the purpose of handling 
this material. The early history of California development has 
been described by W. W. Orcutt.’ 

In 1899 the total production of the state of California was 
2,677,000 barrels. In the year 1902 it was 14,357,000 barrels. In 
1899 the Union Oil Company of California established its geological 
department with Mr. Orcutt at its head, though it was not in full 
working order until the following year, when development started 
in the Santa Maria field. The first wells of the Western Union 
Oil Company were developed from shallow sands at the base of 
the Fernando formation along the flank of a well-developed structure 
in the Monterey. The Union Oil Company acquired extensive 

™Read before the Association at the Los Angeles meeting, September, 1923. 
Manuscript received by the Editor, November, 1923. 

2 This Bulletin, p. 61. 
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holdings on the main structure where they developed a number of 
very valuable properties. 

In 1898 the Southern Pacific sold a number of sections of railroad 
lands at Coalinga for $2.50 an acre. One of these sections subse- 
quently produced 35,000,000 barrels of oil. Prior to this time the 
Southern Pacific Company had organized a geological department 
which was doing work in Texas and Mexico. When the value of 
these lands began to be realized, reconnaissance work was started 
in California. In 1903 the Kern Trading and Oil Company was 
organized to operate on the grant lands. At the same time the 
geological department established a branch office in San Francisco, 
and started the systematic work of classifying the railroad lands. 

From the start this company was controlled by technical men, 
for E. T. Dumble, geologist, was the manager and M. E. Lombardi, 
a mining engineer, was superintendent of development. This 
organization has always taken the lead in the matter of technical 
management. As early as 1907 they put resident geologists at 
each of the fields where they were operating and started the study 
of subsurface problems. The question of the water shut-off and 


finishing of wells was studied by means of cross-sections and these 
problems were handled in a manner considerably in advance of 
the practice of the times. 

In 1908 the Associated Oil Company organized a geological 
department and began a series of extended field investigations, 
which were related chiefly to the acquisition of new properties and 
had nothing to do with the operating problems at the properties 


under development. 

At about the same time the Standard Oil Company organized 
a geological department which handled the acquisition of new 
properties and had but little to do with the producing department 
in the problems of oil development. 

In 1907 the United States Geological Survey published Bulletin 
309, “The Santa Clara Valley, Puente Hills and Los Angeles 
Districts,” by John H. Eldridge and Ralph Arnold. Mr. Eldridge’s 
field work on this bulletin was started in 1901; the field work 
was completed and the bulletin prepared by Ralph Arnold in 
1905. During the succeeding years a number of important bulletins 
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were published by the Geological Survey on the various California 
fields: “The Santa Maria Oil District of California,” by Ralph 
Arnold and Robert Anderson, in 1907; ‘‘ The Coalinga Oil District,” 
by the same authors, in 1908; ‘‘McKittrick-Sunset District,” 
by Ralph Arnold and Harry R. Johnson, in 1910. 

The California State Mining Bureau has been a very important 
factor in the development of the oil industry in California. As early 
as 1888 the report of the State Minerologist devoted attention to 
the Oil Fields of California. Bulletin 3, by W. L. Watts, “Oil and 
Gas-Yielding Formations of Central California,’ was published in 
1894. This was followed by a number of other publications on the 
oil fields of the state. In 1914 Bulletin 69, by R. P. McLaughlin, 
covered not only the geology of all the fields producing at that time, 
but also included various technical phases of oil field operations. 

Probably the most important single event in the evolution of 
California field practice was the establishment, by the legislature 
in 1915, of the Department of Oil and Gas under the jurisdiction of 
the California State Mining Bureau. This Department was 
organized primarily for the purpose of supervising oil field opera- 
tions, with special reference to the matter of shutting off water in 
the oil fields and conserving the state’s oil and gas resources. The 
State Oil and Gas Supervisor is authorized to collect field informa- 
tion, to inspect the water shut-off in drilling wells and to direct 
and inspect the abandonment of old wells. The establishment of 
this department was the outcome of attempts for several years to 
control these matters by associations of producers under the 
authority of county inspectors who had no power to enforce their 
rulings. This department is supported by a special tax on the oil 
industry. The Oil and Gas Supervisor has headquarters in the 
Mining Bureau at San Francisco. The state is divided into five 
districts with a deputy in charge of each district. The work of the 
department has grown until the department now employs a number 
of petroleum engineers and inspectors who look after the work in 
each of the separate fields. 

Important as has been the work of the bureau in collecting and 
systematizing information as to the underground conditions in 
the fields, of even more importance was the reaction on general 
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field practice. The larger operating companies, who had prior to 
that time used their geological departments only in connection with 
the acquisition of new property, one by one followed the lead of 
the Southern Pacific people and placed resident geologists in the 
field to collect information and study the subsurface conditions 


with relation to their own drilling operations and producing prob- 


lems. Today there are but few companies carrying on active 
drilling operations who have advanced beyond the one-well stage, 
that do not depend on geological advice in handling their drilling 
problems. Several of the drilling contractors have a geologist in 
their organization whose duty it is to determine the setting points 
for strings of pipe. 

The large majority of the important discoveries since 1900 
have been developed by the larger organizations as a result of careful 
geological study. (1) Beverly was discovered by the Associated 
Oil Company in 1907. (2) West Coyote was drilled in 1908 by 
one of the independent operators. The water was not shut off 
and the property was acquired by the Standard Oil Company in 
1912. (3) The Buena Vista Hills were developed by the Honolulu 
Oil Company on the recommendation of F. M. Anderson. (4) 
Lost Hill was discovered by an independent operator in 1910. 
The structure had been mapped by the U.S. Geological Survey but 
the depth figured as excessive. The structure had been known to 
several of the larger organizations for a number of years prior to 
this time. (5) East Coyote was discovered by the Associated 
Oil Company in 1911. (6) Belridge was discovered in tg11 by an 
independent operator by finding an outcrop of oil sand. (7) The 
two important domes south of Santa Clara River were mapped by 
the Geological Survey and published in 1905. The Montebello 
field was developed in 1911 by the Montebello Oil Company and 
the South Mountain field in 1915 by the Oak Ridge Oil Company. 
Both of these companies were under the same management, and 
their first manager and field superintendent were geologists and 
engineers. (8) The Ventura anticline was discovered by an inde- 
pendent operator in t915. (9) The Montebello oil field was dis- 
covered by the Standard Oil Company in 1917. This structure 
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was mapped by the California State Mining Bureau in Bulletin 69, 
which was published in 1914. (10) The Richfield oil pool was 
discovered by the Union Oil Company in 1919. (11) The Elk 
Hills were known to the geologists of several of the larger companies 


as early as 1908. They were mapped by the Geological Survey 
and withdrawn from entry by President Taft in September, 1909. 
They were the subject of much controversy in the courts during 
the suit brought by the federal government against the Southern 
Pacific Company to cancel patents to grant lands. The first actual 
production was brought in 1919 on the two school sections which 
had been purchased by the Standard Oil Company of California 
some years prior to this time. (12) Huntington Beach was dis- 
covered by the Standard Oil Company in 1920. (13) Long Beach 
was discovered by the Shell Company in 1921. (14) Santa Fe 
Springs was discovered by the Union Oil Company in 1919, though 
it was not a real success until the Bell well came in in 1921. (15) 
Torrance was discovered in 1922 by the C. C. M. O. Co. (16) 
Wheeler Ridge was discovered in 1922 by Standard Oil Company. 

Of the sixteen fields mentioned, twelve were discovered by 
companies with regular organized geological departments, while four 
were discovered by operators who were acting on other advice. 

There is a long list of dry holes which have been drilled on 
competent advice. Many of these were no doubt recommended as 
long shots. There are important structures which have attracted 
wide attention because they gave excellent promise of production. 
The Kettleman Hills and the Inglewood Hills both have resulted 
up to the present time in deep dry holes. 

Space does not permit an attempt to give complete lists of the 
discoverers of our California fields. To the writer’s own knowledge 
several of the more obvious of the California structures were known 
to more than one of the independent geologists and to the geological 
staffs of some of the larger organizations for a number of years 
before any attempt was made to develop them. It will be remem- 
bered that the anticlinal theory of the accumulation of oil found 
acceptance, for a considerable period, in the minds of the profession, 
before it was given much weight by the operators who controlled 
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the oil industry. Who is there among the geologists with ten or 
more years’ experience in California who cannot remember some 
tract of land situated on a well-developed dome in Middle Tertiary 
strata, which was recommended for purchase in fee for prices ranging 
from $75 to $200 per acre? Sometimes, these recommendations 
were followed and sometimes they were not. More often these 
structures subsequently produced from 25,000 to 75,000 barrels 
per acre than in the cases where they did not. 
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GAS NEAR FORT COLLINS, COLORADO 


INTRODUCTION 

Gas in large quantities, at a depth of 4,285 feet, has been encountered 
by the Union Oil Company of California on the Wellington structure, 
north of Fort Collins, Colorado. On November 18, 1923, the well 
gauged 82,000,000 cubic feet per day. The well is located in the SW} of 
NW3, Sec. 31, T. 10 N., R. 68 W., about six miles north and two miles 
west of the town of Wellington, and fourteen miles north and two miles 
east of the city of Fort Collins. The gas is coming from the “ Niobenton”’ 
or “‘Wall Creek” sand in the top of the Benton, immediately underlying 
the Niobrara. 

The Union’s well was started in the early summer, and made rapid 
progress. At around 4,200 feet the cuttings became heavily saturated 
with oil and at 4,285 feet, having just touched the sand, the well began 
to make about 3,000,000 cubic feet of wet gas. This was at 3:30 on the 
morning of November 11. On the afternoon of the twelfth the well was 
spraying a slight amount of oil; at 4:00 that afternoon it blew itself 
in as a tremendous gasser. On the evening of the thirteenth the flow 
was said to be still increasing, and when gauged on the eighteenth, the flow 
was unabated. The gas is reported to be wet, but no analyses are yet 
available. 

HISTORY 

In 1907 or 1908 Junius Henderson of the Colorado Geological Survey 
recognized the existence of anticlinal folding west of Wellington. During 
succeeding years his references to this folding and its possible importance 
led to a number of visits to the area by members of the survey, including 
the making of a sketch map in ror15 by R. Clare Coffin. 

Possibly the members of the survey called the folding to the attention 
of S. F. Rathvon, an oil operator of Boulder, or perhaps Mr. Rathvon, 
who was handy with a Brunton, discovered the anticline for himself. 
At any rate he organized the Poudre Oil and Gas Company, which in 
1915 located and drilled a well in the SW} of NE}, Sec. 31, T. 9 N., R. 
68 W., six miles south of the present well, at about the only point on 
the anticline where the dip in both directions is plainly visible. Unfor- 


79 


80 GEOLOGICAL NOTES 


tunately the location, though on the anticlinal axis, is in a saddle between 
two crests, and is not within a closed area. The well was drilled to 
nearly 4,0co feet, ending in the Steele shale after obtaining showings 
of oil and gas. 

In June, 1915, R. C. Hills reported favorably on the area, calling it the 
Box Elder anticline. He reported the Rathvon location as good geologi- 
cally as any other, and stated, ‘‘ The fact is, unless all signs fail, the Box 
Elder field will prove, when developed, a much bigger producer than the 
Salt Creek field of Wyoming.’’ In September, rors, C. A. Fisher also 
reported favorably on the area. He recognized that the Rathvon 
location was on the south end of the fold, but, not having contoured 
the structure, failed to recognize that the well was outside the closure. 


He placed the depth to the Niobenton at 3,400 to 3,500 feet, and con- 


cluded, “I see no reason why this anticline should not produce oil and 
gas in commercial quantities.” 

In a report of May, 1916, R. D. George, state geologist, gave Mr. 
Rathvon an excellent description of the Wellington structure, noting 
the crest in Sec. 31-10-68 and the plunge southward from there to the 
well in Sec. 31-9—68, and definitely closing the structure to the north. 
He failed to recognize that the Rathvon well was outside the closed 
area, gave as the reason for its failure that it did not reach the sandy 
zone at the base of the Pierre, and concluded, “The anticline merits a 
more thorough test.” 

In the fall of 1917 John G. Bartram, on a reconnaissance of the Rocky 
Mountain front for the Rocky Mountain Division of the Roxana Petro- 
leum Corporation, made an independent discovery of reverse dips and 
recommended further work. A. T. Spring, who had been Bartram’s 
assistant, was sent into the area and reported a pronounced anticline 
running from near Fort Collins northward for about fifteen miles, and 
outlined the area which includes the Wellington and Fort Collins struc- 
tures. This appears to have been the first definite recognition that 
the anticline extended south through what is now recognized as the 
Fort Collins dome. The Roxana promptly leased about 14,000 acres 
and started detailed work, under A. T. Schwennesen, by E. W. Krampert 
and C. H. Henley, assisted by F. E. Wood and J. A. Laurin. The map- 
ping was done in great detail and involved several months work. Much 
of the area is irrigated farming country, and it was necessary to examine 
every creek, dry gulch, and irrigation ditch, and to dig many pits in order 
to work out the structure. The resulting map has been the basis for 
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practically all activities in the region since that time, and careful checking 
by various geologic staffs has not modified it to any great extent. 

In August, 1919, the Roxana made an acreage arrangement with 
the Keoughan-Hurst Drilling Company for a test of the Hygiene, or 
basal Mesaverde, sand. It was located about 300 feet northeast of the 
present Union well, was drilled to a depth of 1,312 feet, and was aban- 
doned after obtaining some water and a little oil in the Hygiene. The 
Roxana’s Rocky Mountain staff recommended a well to the Niobenton 
or Wall Creek, but the aversion of the London office to depths greater 
than about 3,000 feet, and possibly the adverse opinion of a geologist 
from the Hague, led to the abandonment of the Roxana leases, without 


further drilling, in the fall of 1920, after a number of unsuccessful attempts 
to turn the leases to other companies. 

Not long thereafter, Thomas S. Harrison had Victor Hendrickson 
examine the area and later examined it himself. Harrison’s report 


stated, ‘The structure itself is quite favorable to oil and gas accumu- 
lation. . . . . [ recommend that a well be drilled.”’ A syndicate of which 
Harrison was a member leased up the area and, after several attempts 
to interest different companies, took the matter up with Roderick Burn- 
ham of the Union Oil Company of California. Burnham went over the 
area with Harrison and was so favorably impressed that he ordered a 
field examination. James M. Douglas, assisted by Sam Grinsfelder, 
examined the area for the Union and recommended it very strongly to 
his company for drilling. 
LOG OF THE WELL 


On the following log of the well the writer has indicated his own guess 
as to the geologic formations penetrated, as the Union driller did not 
keep a log on which formation boundaries can be noted with any degree 
of certainty. A comparison of the upper 1,300 feet of this log with the 
log of the near-by Roxana-Keoughan-Hurst well, which was kept by 
geologists, shows why well-log correlations are sometimes difficult to 
make. The two wells started within a few feet of one another strati- 
graphically. 

It is interesting to note that, despite difficult conditions for measure- 
ment, C. H. Wegemann estimated the depth to the top of the Benton 
sand at 4,300; T. S. Harrison at 4,300 to 4,500; James M. Douglas at 
4,306; and E. W. Krampert, C. H. Henley, E. L. Jones, Jr., John D. 
Northrop, and F. F. Hintze at 4,100 to 4,400. 
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TABLE I 
LOG OF UNION OIL COMPANY’S WELLINGTON WELL 
SWi or NW3, Sec. 31, T. 10 N., R. 68 W., CoLorapo 


Formation Bottom Thickness 


Mesaverde: 

Brown gumbo 

Quick sand—water 

Brown gravel 

Brown, sandy shale 

Yellow clay 

Blue shale 

Gray, sandy shale 

Gray shale 

Gray, sandy shale 

Gray shale 

Gray, sandy shale 

Sandy formation with water (about 2 barrels 
per hour) 

Gray shale 

Gray sand—water 

Gray shale 

Gray, sandy shale 

Gray shale 

Gray, sandy shale with streaks of sand 


Steele: 
Gray shale 


Hard shell 

Hard shale 

Gray shale 

Soft, gray shale 

Gray shale 

Hard, gray shale 

Gray shale 

Gray, sandy shale 

Gray shale 

Sticky, sandy shale 

Brown, sandy shale 

Gray shale 

Hard, dark shale 

Hard, gray shale 

Stocky, gray sand shale 
Gray shale 

Sandy, gray shale 

Gray shale 

Gray shale with thin sandy strata 
Gray shale 

Hard, gray shale with shells. ................ 
Hard, gray-and-brown shale 


Niobrara: 
Limy, gray shale 
Sharp, gray sand 
Sandy, gray shale 
Dark and gray shale and shells 


82 
° 8 8 
8 20 12 
20 30 10 
30 38 8 
38 45 7 
45 65 20 
05 17° Ios 
170 455 285 
455 475 20 
475 540° 65 
54° 57° 3° 
570 585 15 
585 875 290 
875 967 92 
967 IOI5 48 
1075 60 
1075 1095 20 
1095 1120 25 
| 
| 1120 | 1248 128 
1245 1253 5 
1253 | 1460 207 
1460 | 1720 260 
1720 | 1840 120 
1840 1950 
1950 | 2255 305 
2255 2400 145 
2400 2415 15 
2415 2440 25 
2440 2530 go 
2530 2555 25 
2555 2500 Il 
2566 2574 8 
2574 2600 26 
2600 3030 430 
3030 3060 30 
3060 3220 160 
3220 3230 10 
3230 3260 30 
3200 3445 155 
3445 3485 40 
3485 3570 85 
3570 3730 160 
3730 3733 3 
3733 3775 42 
3775 3855 80 
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TABLE I—Contlinued 


Formation Bottom 


Niobrara: 
Dark, soft, muddy shale 
Soft, dark gray shale 
Hard, gray shale 
Gray shale 
Soft, dark gray shale........... 
Hard, gray shale 
Gray shale 


Benton: 


GEOLOGY 


Sequence.—The Cretaceous rocks of the region are as follows: 


Laramie 


Montana 


: Mesaverde (5 or more sands; Hygiene sand at 
Pierre 


base) 
Steele (Shannon sandy zone in lower half)..... 


{ Niobrara 
| Benton (“Niobenton” or “Wall Creek” sand at top).. 600-650 
Dakota group (contains the Muddy, Dakota, and Lakota sands).. 350-400 


Colorado 


Sandstones in the Mesaverde.—Prior to the Roxana’s work in this area, 
the Mesaverde formation was not considered to exist east of the Front 
Range. The Pierre, instead of being divided into Steele, Mesaverde, 
and Lewis, as in western Colorado, New Mexico, and Wyoming, was 
supposed to extend from the top of the Niobrara to the base of the Fox 
Hills in a shale series broken only by a single sandstone known as the 
Hygiene. Intensive work along the Rocky Mountain front from north 
of Cheyenne to south of Boulder proved, however, that the isolated 
outcrops which had been joined together and mapped as Hygiene repre- 
sent, instead of a single sandstone, a series of sandstones occupying a 
stratigraphic interval of 1,700 or more feet, interbedded with shales 
considerably more sandy than those in the lower and upper parts of the 
Pierre. In other words, the work of Schwennesen, Krampert, Northrop, 
and Harnsberger demonstrated the existence of Mesaverde lithology 
along the Rocky Mountain front in northern Colorado and southern 
Wyoming. It should be noted, however, that whereas the Mesaverde 
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of other localities is predominantly of fresh water and brackish water 
origin, the Mesaverde of this region seems to be wholly marine. 

The more prominent sandstones of the series were identified, named, 
and mapped in the Fort Collins region by Schwennesen, Krampert, 
and Henley. The following section of the Mesaverde, measured by 
Henley and checked by Wegemann, gives the names, positions, and 
thicknesses of the sands, and the interbedded shales. 


SECTION OF THE MESAVERDE FORMATION NEAR DOUGLAS 
LAKE, COLORADO 
Richard sandstone 
Shale, sandy 
Larimer sandstone 


Rocky Ridge sandstone 
Shale 

Terry sandstone 
Shale 


Total Mesaverde 


The Richard sandstone is exposed along the north bank of Richard 
Lake in Section 30—-8-68. The Larimer’ sandstone is exposed in the 
Larimer county canal in section 24—-8-69, on the west flank of the Fort 
Collins structure, or it may be studied to better advantage, north of 
the Colorado and Southern track about a mile east of the village of 
Waverly. The Rocky Ridge sandstone forms a prominent cliff around 
the north and east banks of the Rocky Ridge Reservoir, and is also promi- 
nent in the cliff outlining Douglas Lake on the east. The Terry sandstone 
forms part of the island in Terry Lake, and also helps to form two of 
the promontories jutting into the lake. 

The name ‘‘ Hygiene” has been in use for many years to designate 
a sandstone in the Pierre. Presumably it comes from an exposure near 
the town of Hygiene, west of Longmont. Unfortunately, the assumption 
seems to have been that only one sandstone was present in the Pierre, 


and every sandstone outcrop was called “‘Hygiene’’ and connected up 
in a single line across the map. Thus sands occurring through a wide 
stratigraphic interval were joining together and called “Hygiene.” 


t Schwennesen, Krampert, and Henley call this the ‘‘ Waverly” sandstone, but as 
this name has been applied elsewhere to other rocks, the name ‘‘Larimer” has been 
substituted. 
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Schwennesen, Krampert, and Henley restricted the name to the basal 
sandstone of the series, since this seems most likely to have been the 
sandstone noted near Hygiene, and the term is so used here. 

That other sandstone lenses are present here and there in the inter- 
bedded shales of the Mesaverde, and that the sandstones just described 
are not uniform in thickness, is shown by comparing the lower part of 
Henley’s measured section with the following log of the Roxana- 
Keoughan-Hurst well, as recorded by R. W. Gibson and G. E. Miller, 
Roxana geologists. The well started just below the Rocky Ridge 
sandstone. 

TABLE II 
LOG OF ROXANA-KEOUGHAN-HURST WELL 
NW3j, Sec. 31, T. 10 N., R. 68 W., Cotorapo 


Formation Bottom Thickness 


Yellow clay 18 
Soft, gray shale 415 
Sandy shale, getting darker and harder......... 415 578 
Fine-grained gray sandstone, carrying small 

amount water; first real oil colors at 590’. .... 578 508 
Soft, gray shale 5098 885 
Fine to coarse-grained gray sandstone, showing 

oil and water 885 960 
Shale, gray Pa 960 
Sandy shale IOIO 1020 
Gray sandstone 1020 1038 
Gray shale 1038 1080 
Gray sandstone (same as 885 to 960)..... 1080 1112 
1312 
1312 


Possible Shannon Zone.—In the Steele, about 1,500 to 2,000 feet 
below the Mesaverde, is a zone of sandy shales and thin sandstones, 
possibly representing the Shannon horizon of Wyoming. At the out- 
crop a few miles northwest of the structure sandy material makes up 
30 to 50 per cent of the beds in this zone, and one sandstone is about 20 
feet thick. It is difficult to recognize this zone in the log of the Union 
well, which, as already pointed out, is very unsatisfactory. 

Sandstone in the Benton—The sand at the top of the Benton, in 
contact with the Niobrara, has also been the subject of some argument. 
Some geologists assume that the Carlile shale, which in Wyoming lies 
between the top of the Frontier and the base of the Niobrara, has thinned 
out southward, and that this sand is the equivalent of the Wall Creek 
(Frontier) sand of Wyoming. More cautious geologists are designating 
it the ‘“Niobenton” sand without attempting correlation. The Wall 
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Creek correlation is supported by the finding, a short distance below the 
sand, of Imoceramus labiatus, which is characteristic of the Greenhorn 
limestone, the Black Hills equivalent of the lower (?) Frontier. The 
sand varies from 1o to 30 feet in thickness between the Wyoming line 
and Boulder. As a rule it is quartzose, fairly coarse, rather porous, and, 
despite its contact with the limestones of the Niobrara, rather free from 


lime. 

Sandstones in the Dakota Group.—A section of the Dakota group in 
Owl Canyon about ten miles west of the Wellington structure is given 
by Willis T. Lee" as follows: 


Upper sandstone 
Middle shale 


The upper, middle, and lower sandstones of this section correspond 
to the Muddy, Dakota, and Lakota sandstones of southern Wyoming. 

Surface Rocks.—The surface rocks of the structures are Lewis and 
Mesaverde. The crest of the Wellington dome is in the Mesaverde 
about 1,100 feet above the base; the crest of the Fort Collins dome in 
the Mesaverde, about 1,400 feet above the base. Lewis shales occupy 
the east flanks of both structures, the saddle between them, and the 
deep syncline between the saddle and the Douglas Lake fold. The 
crest of the Douglas Lake dome is in the Mesaverde about 1,000 feet abov: 
the base. 

The Structures.—As to structure, the work of Schwennesen, Krampert, 
and Henley shows an anticlinal axis, slightly sinuous, running from a 
point about 3 miles east of Fort Collins, nearly due north for about 15 
miles. On this axis are two crests, one lying northeast of Fort Collins, 
and the other northwest of Wellington. Each is nearly 5 miles long 
and rt to 13 miles wide within its lowest closing contour. The 
Wellington crest has a closure of between 500 and 600 feet, and ¢ 
closed area of about 2,100 acres; the Fort Collins, a closure of between 
400 and 500 feet, and a closed area of about 1,400 acres. 

West of the saddle between the two is a smaller dome known as th« 
“Douglas Lake”’ structure, about 2 miles long and } mile wide, with a 
probable closure of about 200 feet. 


t Willis T. Lee, U.S.G.S. Bull. 751-A, p. 6. 
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The Rathvon well, as already stated, was drilled on the anticlinal 
axis, but near the bottom of the saddle between the Fort Collins and 
Wellington domes. 

PROSPECTS 

The interval from the top of the “Niobenton” to the top of the 
Dakota group is, according to a number of sections by various geologists, 
600 to 650 feet. Thus the Muddy sand, the uppermost sand of the group, 
would be encountered at about 4,900 feet, and the Dakota group would 
be penetrated at about 5,300 feet. The shales of the lower Benton and 
the upper Dakota appear to be exceptionally bituminous in this region. 

The oily character of the shales just above the “Niobenton” in the 
Union well and the fact that the well sprayed a slight amount of oil 
before it blew itself in, offer some ground for thinking that oil may yet 
be found in the “Niobenton” sand. At any rate, an enterprise which 
has been watched with a good deal of interest has been brought to a 
successful conclusion, and the State of Colorado has at last achieved a 
commercial gas field. Whether the flanks of the structure will prove 
to carry oil in the “Niobenton,” whether the lower-lying Fort Collins 
structure will have oil on crest or flanks, or whether the sands of the 
Dakota group will prove to be oil-bearing remain to be seen. 


FURTHER NOTE ON WELLINGTON 


About a week after the well came in it started spraying a high grade 
of green oil. The amount of oil has steadily increased, and the well is 
now reported to be making about 4oo barrels per day. Most of the 
geologists of the Rocky Mountain region feel that Wellington will be an 
oil field rather than a gas field, though there does not seem to have been 
a decrease in the amount of gas. 


STILL FURTHER NOTE ON WELLINGTON 
Some geologists are swinging to the opinion that the productive sand 
is not the Wall Creek or Niobenton but the Muddy, the uppermost 
sand of the Dakota group. To date the weight of evidence remains 
in favor of the Niobenton, but it will not do, as yet, to be too dogmatic 


about it. 
Max W Baty 


THE IMPORTANCE OF WATER ANALYSES 


Not only in my “Watersupply Papers” Nos. 30 and 31 of the U.S. 
Geological Survey, and on the field assay of waters and on “ Minewater 
Composition, an Index to the Course of Ore-bearing Currents” in 


88 GEOLOGICAL NOTES 


Economic Geology, but by Rogers and numerous others in the A.J.M.E., 
has the importance of the variations in composition in the waters associ- 
ated with oil been shown. Horizons may be followed across structure 
(Powers), changes in composition may indicate the presence of oil 
(Rogers) and may distinguish between top and bottom water, indicate 
leaky casing, etc. 

It has, however, become clear that the interpretation of such waters 
is a matter of difficulty. Beside the circulation due to drilling, and from 
the present surface, circulation from surfaces of unconformity in past 
geological eras finds expression in the deeply buried waters of today. 

The originally buried, connate waters are also not necessarily marine, 
and the composition of the ocean should have varied—seems to have 
varied—during geological time. At present the composition of the ocean 
does not vary much from pole to pole, and probably the composition of 
the open ocean has never been very different in different places. It would 
therefore be of great interest to determine what that composition was at 
various geological epochs. No doubt changes have taken place sinc 
burial, but would it not be possible to eliminate these changes and 
the factors above cited, and by comparing the analyses of waters found 
in different kinds of rocks and in widely different regions so eliminat« 
these variations as to get some idea of the composition of the ocean in 
which the marine strata were laid down? 

Organic matter may have precipitated the sulphate as pyrite, and 
evaporation may have precipitated the sulphate as anhydrite or gypsum. 
Lime and magnesia have gone out with carbonate as calcite and dolomite 
Soda from the decomposition of the rocks is ever being brought in. Is it 
ever removed in anything but salt? Is albitization a widespread dia- 


genetic process? Is chlorine removed except in salt, and what is the sourc« 
of the chlorine? How has the ratio of source to supply varied in geologic 
time? These are some of the questions upon which a comprehensive 
study of water analyses might throw light. May I ask the help of any 
who can give me analyses of waters of fairly known geologic age, pub 
lished, especially if off the beaten lines of bibliography,’ but especially 
unpublished analyses from waters relatively deep and stagnant, and espe- 


cially from out-of-the-way places. 
ALFRED C. LANE 
Turts CoLLece P.O. 
MASSACHUSETTS 


tT have access here at Boston to the A.J.M.E., Reeves’s thesis, and the geological 
surveys. 


/ 


GEOLOGICAL NOTES 89 


GEOLOGICAL FEATURES ILLUSTRATED BY MODELS 


The use of models by engineers to illustrate geological conditions 
probably originated in the mining industry during the early litigation 
growing out of our Apex Law. The difficulty of showing geologic 
shapes and planes by the usual conventional signs in two dimensions 
only, and the consequent befogging of the minds of non-technically 


trained judges, attorneys, and juries, resulted in various attempts to 
solve this problem by means of three-dimensional models. Some of 
the famous models built and used for such purposes cost thousands of 
dollars. One of the most costly of these models was built by the engi- 
neers of a company whose right to a certain mining property had been 
attacked; but in this case they failed to convince the judge, and the 
property was lost to the plaintiff. The model, however, at the same 
time had convinced the engineers of the plaintiff company that the 
solution it illustrated was the correct one, and after obtaining possession 
of the mine they planned and carried out a program of exploration on 
this basis which resulted in the discovery and development of a large 
ore body. 

Models of coal mines, built to scale, are more or less common, and 
some of the important metal mines of this country keep models of their 
entire underground workings in a fairly up-to-date condition at all 
times. Plans for exploration and development work are made with the 
model before the manager. In some cases, small temporary and local 
models are constructed from time to time, to help in the solution of 
problems as they arise in the mine. 

Models of various sorts have been used for similar purposes in the 
oil country, although their use has been much more restricted until 
recently. This is probably because until recent years the use of geology 
was little understood by this industry. 

Another field for the use of graphic models is in the classroom in those 
institutions where courses in various forms of applied geology are given. 
These are usually topographic models, upon which are drawn or painted 
the areal geology, although more recently there have been constructed 
several models at the University of Pittsburgh, which will be described 
in this paper. 

The construction of extensive canal and irrigation systems, or water- 
power projects, sometimes involves topographic and geologic features 
which can best be illustrated by models. Examples of such miniature 
models are those made of the watershed of the Chagres River and the 
Panama Canal, and the projected Erie-Ohio canal. 
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Of course, the building of models for museums serves another very 
special purpose which need not be discussed here. Some of these are 
very beautiful and elaborate, and require the work of specialists for 
long periods. 

At least one of the large companies operating in the Mid-Continent 
field uses various sorts of models in both their exploration work and also 
in the intensive development of their own properties. The construction 
and use of these models is under the direction of their chief geologist. 
This is the most important field, and can be expanded to include liaison 
work between the geologist and company executives or boards of directors. 

The use of peg models was seemingly originated in California by 
the State Mining Bureau, in connection with the attempt to control 
the water in the Kern River district. One of these was on exhibition at 
the San Francisco Exposition. Since that time similar models have 
been constructed in other oil fields. This type is adapted to progressive 
construction as the field develops, and has been used by the U. S. Bureau 
of Mines at Hewitt and Deaner in Oklahoma, in their educational work 
in co-operation with the companies in those oil pools. The public has 
thus become more or less familiar with this type of model. 

The uses to which graphic models have been or can be adapted may 
be summarized as follows: (1) mine planning and development; (2) court- 
room use, and liaison work between attorneys and engineers in building 
up a legal case; (3) liaison service between company geologists and execu- 
tives or boards of directors; (4) general service in clarifying contour 
maps, to the geologist for his own help, and to the layman; (5) appraisal 
work, in special cases, and estimation of reserves; (6) classroom illus- 
tration, in both mining and oil geology; (7) museums, and general 
educational use, perhaps including those models constructed for state 
and national commissions considering large public projects. 

Different types of models may be adapted to various purposes, and 
may be listed as follows: 

1. Skeleton mine models, in which the various workings and veins 
are shown by means of wooden or metal stocks or rods, with the surround- 
ing country rock left out. These are very complicated, and confusing 
in general appearance. They cannot be read or understood without 
careful explanation, are difficult of construction, and as a rule very fragile. 
On the other hand, all parts of the model are visible from any angle, 
and additions can be made from time to time, as development proceeds. 

2. In oil field peg models the wells drilled in the district are shown 
by upright pegs inserted in a board, which may or may not have the 
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pay formation shown in relief. These are sometimes constructed with 
a surface section, which may be transparent, upon which is drawn a 
map of the property lines. The different formations passed through 
are usually shown directly on the pegs by colors or symbols, and are often 
connected one to the other by colored strings, thus showing dips between 
wells. Such models have both the advantages and disadvantages of 
the skeleton mine models described above, although they are usually not 
so complicated nor so fragile. 

3. Plaster relief models are usually built by cutting out flat contour 
sections of cardboard or wood, and superimposing them one on another. 
The resulting terraces and irregularities are filled in with clay, putty, 
or some composition, the finer detail added, and then cast in plaster, 
or perhaps the original is finished and painted. Such models may be 
used to represent surface topography, or contoured sub-surface geology, 
or both—through removable sections. They are not adapted to easy 
modifications, and therefore not used in development work. Plaster 
models have been made of mine workings, illustrating vertical sections 
cut through the earth, and showing vein structure in relation to work- 
ings present and projected; and possibly also surface topography. 
Such models are the best possible picture of actual conditions in miniature, 
and great refinement can be used in their construction. Attention can 
be concentrated on particular points in a very graphic manner. Once 
built, however, they are very difficult to modify, and at best only show a 
very limited number of vertical sections underground. 

4. Sometimes mine models are constructed of transparent sheets of 
celluloid or glass representing different levels, upon which are drawn the 
veins and workings at each level. These are usually held in a frame, 
and may be intersected by colored strips and planes representing the 
various veins and vertical raises, winzes, etc. This transparent section 
has been used for oil field models to show the surface land lines in which 
is inserted the pegs representing wells.’ 

5. Combinations of any of the above types can be constructed to cover 
special conditions. 

Two models have recently been constructed at the University 
of Pittsburgh, illustrating the important structural features of the 
Appalachian-LIllinois and the Mid-Continent oil fields (Fig. 1). These 
were built by Paul Ruedemann and the author, and there is under con- 
struction a similar model of the Northwest Plains region. The first 
is based upon the top of the Clinton sand or its equivalent (Fig. 2), 
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with a horizontal scale of 16 miles to the inch. The second is based 
upon the top of the Mississippi lime or its equivalent, with a horizontal 
scale of 12,miles to the inch (Fig. 3). 

In making the first model, an original was built up with pasteboard 
shapes cut out from a contour map of the region, and the surface smoothed 
with modeling clay. ‘The whole model was then cast in plaster, and fur- 
ther detail added by cutting into the plaster. The legend was then 
shown in colors, and the model varnished to preserve the surface. 

The Appalachian model was started in the same manner, but instead 
of using modeling clay the surface and detail was finished in putty, and 
the original model completed instead of having a cast made in plaster. 
This saved time and expense, and made possible later additions and 
modifications, which would not have been possible in the plaster. A 
vertical section of the formations above the Clinton was constructed, 
showing the divergence or thickening of the beds eastward across the 
Appalachian Basin. This was finished in the same manner as was the 
model, but as a separate section which could be fitted on by means of 
guide pegs. The upper edge of this thin upper section was shown by a 
surface profile to the same scale. 

While some generalizations had to be made in the building of these 
two models, they are fairly correct in the main features. They give a 
very satisfactory picture of structural conditions, and as they can be 
added to from time to time, furnish valuable material in the Course in 
Oil and Gas Production at Pittsburgh. The only alternative to the 
use of such models is the exhaustive searching through widely scattered 
sources for isolated bits of material bearing on each district. The student 
is totally unfamiliar with the region as a whole. In the same manner, 
through lack of knowledge of the general structural features, the prac- 
tical oil man remains only partially aware of the various relationships 
of the “sands” from which he may be producing at various points. 


L. G. Huntley 
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Fics. 1-3.—Geological models showing structure: 1. The Tampico oil region, 
modeled on the top of the Tamasopo limestone. 2. The Mid-Continent field, Kansas, 
Oklahoma, and Texas, modeled on the top of the Mississippian. 3. Portion of the 
east central states, modeled on the top of the Clinton, 
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CONCERNING THEORIES 

Since leaving Paris last October I have been cut off from current publica- 
tions and consequently have had to content myself with my old stock of 
theories. Thiy have been very useful and have served me well. Their 
greatest value is largely due to the fact that they are easily applied and there 
are no contradictions. In general! they all originated from a few fundamental 
conceptions such as the following: (1) the concentration of oil and gas into 
anticlinal structures or structures related to anticlinal folding; (2) the necessity, 
especially in new regions, of finding some surface indications such as seepages 
of oil or bituminous shales, before it is assumed that oil or gas is present in favor- 
able structures. There are a number of qualifying conditions which enhance 
or detract from the possibilities of commercial oil and gas deposits, as, for 
example, the degree and extent of metamorphism, igneous activity, amount of 
faulting and disturbance, and the character of the possible oil-bearing formations. 

Tn new regions where oil has not been developed commercially or in regions 
where only a few isolated and widely separated pools have proved to be produc- 
tive it would seem that the geologist must of necessity confine himself to 
interpretations based on the simple and fundamental theories of oil and gas 
occurrence. If he attempts to apply theories arrived at by post-mortem 
examinations of producing fields, in areas which have been intensely studied, 
he runs the risk of making his own mental attitude one of doubt and uncertainty 
and quite unconsciously his opinions lack the stamp of conviction and finality 
which is necessary not only to establish his own position as a petroleum geologist 
but is absolutely essential if his recommendations are to be followed. And 
after all a geologist is employed to give definite opinions and recommendations. 
Doubts may assail his mind and cause him to lie awake nights but they must 
be pushed rudely aside when he writes his report. Whether or not a test well 
is to be drilled often depends upon his opinion and there can be no retraction. 
It is yes or no and he must stand or fall on that decision. 

While this applies to geologists working in the undeveloped areas in the 
United States it is far more potent when the geologist is in foreign lands and 
especially in regions where no oil has been commercially developed. It is in 
such cases that the geologist must simplify his science and use only the rules 
and theories which have the widest applications. He cannot say we will find 
here commercial oil pools provided the hydraulic theory has caused the oil to 
migrate into high points of the fold. He must accept a theory such as the theory 
of the anticlinal accumulation of oil and gas and base his recommendations on 
this theory. If there happens to be a fault in a position which answers some pet 
theory of the fault advocates so much the better. If there are no faults he can 
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swing over to the side of the equally strong advocates of the non-importance of 
faults. If the folds are sharp and in Tertiary formations he is fortunate, but if 
they are low and gentle he can still find some writers to bolster up his faltering 
hopes. So in any case if the underlying strata are reasonably certain to be 
petroliferous and there are rocks suitable for oil reservoirs the situation resolves 
itself into a decision as to which is the best place for a test well and the possible 
depth to producing horizons. 

In going over recent issues of the Bulletin of the American Association of 
Petroleum Geologists one cannot but notice the many theories advanced to 
account for the concentration or non-concentration of oil and gas into commer- 
cial pools, and the evidently contradictory nature of opinions expressed. 
The theories are based on detailed studies of producing fields or laboratory 
experiments and in most cases seem to require special conditions before they 
are operative. Some of the theories, before they could be applied, would 
require a diagnosis of the field after it had been drilled. The writer has no 
intention of belittling the value of scientific investigation but it seems there is 
danger of emphasizing the pure as against applied science, and after all a new 
theory is of doubtful value if it is not in accord with the common observations 
and practice of reputable geologists and if it cannot be applied to areas before 
they are drilled—this, of course, referring to theories of origin and occurrence. 
If a medical doctor of standing in the profession proposes a new treatment it 
must be first tried out and proved before it is generally accepted. With most 
of the new theories relating to oil occurrence it would seem necessary to cut 
the patient open before we know which theory applies. 

Perhaps this criticism seems unwarranted, but one cannot escape the 
feeling that there is a tendency to try and beat someone to it with a new theory. 
It would seem that to the majority of the members of thé Association the 
commercial viewpoint is the most essential. A theory is only of passing 
interest to one engaged in applied science, unless it can be applied—that is, 
applied in such a way as to aid actually in the discovery of new pools. 

A composite statement of some of the recent theories in their relation to 
established theories might read as follows: ‘‘The cause of migration of oil and 
gas is the movement of underground water carrying with it oil and gas” and 
“to the extent that oil migration is controlled by the movement of water 
there is no theoretical reason why it should not migrate downward as well as 
upward.” Yet “the anticlinal theory of migration and accumulation of oil 
and gas is based on the idea that oil and gas migrate up the dip because they 
are lighter than the associated water,” and this “accumulation is aided by 
the selective segregation of oil and gas on account of their buoyancy.” Having 
given the anticlinal theory a jolt we now pass to the causes of the movement of 
underground waters. We read that the “propulsive force of expanding gas 
has been one of the most important causes of oil migration,” but we are warned 
that “artesian circulation must be given due weight,’”’ and are assured that 
“faults admit of a more or less free circulation of oil and water which results 
in commercial oil accumulations on structural highs,’’ augmented by “differ- 
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ential pressure . . . . which has been largely responsible for the migration of 
oil and gas to places of accumulation.” Perhaps the cause of movement is not 
so important because we are told that “‘according to the hydraulic theory oil 
and gas are carried with the moving waters irrespective of the original cause of 
water movement.” If we are permitted to ignore the cause of movement it 
would seem that we must give some consideration to time since it appears that 
the “‘mode of accumulation depends, . . . . upon the rate of flow.” Lest there 
be some misapprehension as to rate of flow we are informed that underground 
water has been determined to move one mile in 13 years but we are still in doubt 
as to whether this is rapid or slow. But why bother about time since it is only 
a relative matter and we find that the “migration and accumulation of oil 
and gas . . . . has been comparatively rapid, not the long drawn out process 
that is generally pictured.” 

Following analysis of the causes of migration and the rate of flow we may 
consider some of the theories relating to types of structure. We learn that 
“faulting is associated with and probably is the controlling structural feature 
of all of the oil fields in the relatively flat-lying beds of the Gulf Coast Plain”’ 
and furthermore “‘the displacement, the fracturing, and particularly the friction 
which are developed locally through faulting appear adequate substitutes for 
the anticlines which have more commonly been associated with petroleum 
accumulations,” but this is qualified by the statement of a geologist of high 
standing to the effect that ‘“‘we should not assume that faults are an essential 
element of accumulation for . . . . minorfolds . . . . will explain the accumu- 
lation of oil” into commercial pools. However, from the many examples it 
would seem that the preponderance of opinion is in favor of faults. 

There is abundant opportunity for the geologist not fully informed of the 
exceptions to new theories to go astray. For example in the Kevin-Sunburst 
oil field favorable structures were at first thought to be those which had steep 
dips and large closures but oil was finally found in structures of low dips. In the 
San Juan Basin, N.M., the type of fold was not the controlling factor but rather 
the position of the folds in relation to the topography of the basin. If we accept 
the theory that a given fault is the controlling factor in the concentration of oil 
and gas we are given considerable leeway as to whether we take the west or 
east side or both. 

In the quite commendable eagerness to present new geologic theories 
relative to the complexities of oil and gas deposits, would it not be well to pause 
occasionally and consider the geologists who are endeavoring to make commer- 
cial application of the science. Perhaps a committee could be formed for the 
purpose of correlating theories and suggesting methods for field practice. It 
would seem that the commercial geologist needs primarily to keep in mind the 
relation of the science of geology to the work he is required to do. In fine, the 
petroleum geologist is continually called upon to answer a question of commer- 


cial importance and he must look to geology for the answer. 
FRED B. ELy 
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REVIEWS AND NEW PUBLICATIONS 


The Study and Correlation of Sediments by Petrographic Methods. By HENRY 

B. MitnER. The Mining Magazine, February, 1923. 

This paper on the application of petrographic methods to correlation of 
sediments must be of interest to oil geologists, for they are undoubtedly more 
keenly alert to recognize and use methods that will permit definite and rapid 
correlation than are any other geologists. Correlation of well records is always 
difficult for conscientious workers, and correlation of surface strata is often 
impossible unless the geologist is helped either by petrography or by paleon- 
tology. There are regions where neither the fossil faunas nor the easily discern- 
ible characteristics of the rocks will justify attempts to correlate isolated 
outcrops. A method that opens a new avenue of attack is sure of a welcome 
because it is so badly needed. Of course petrography will also doubtless fail 
in many instances, but, as Milner points out, ‘‘petrographical methods of 
correlating sediments represent . . . . a useful method of attack in strati- 
graphical problems where the normal paleontological evidence is obscure or 
totally lacking.” 

In sedimentary petrography, just as in other branches of geology, reliable 
results come only with training and thoroughness. Superficial observations 
will be as treacherous as are careless fossil identifications, and accurate correla- 
tion will take more than ability to identify a few minerals by petrographic 
methods. Milner states that “‘just as no careful stratigrapher is content to 
refer to every oyster-like fossil he finds as Ostrea without endeavoring to fix 
both genus and species of the organism . . . . so no investigator is justified in 
the indiscriminate use of the few name labels we do possess in sedimentary 
petrology, without seeking to know his deposit so thoroughly that his identifica- 
tion and description of the rock types are technically accurate. To know a 
sediment thoroughly, in the widest petrological sense, is to know its origin, 
nature, mode of derivation, mineralogical composition, internal and external 
structures, lateral, and vertical variations, mechanical analysis, porosity and 
permeability, quite apart from the organic remains that may be present.” 
Plainly this is no program for the man who can study 50 samples of drill cuttings 
inaday. Norcan it be successfully conducted by one ignorant of degradational 
and aggradational processes, for elaborate determination of fact means little 
if the significance of the fact is not understood. 

In one respect the task of the petrographer who works with sediments 
seems decidedly more simple than that of the paleontologist, for instead of 
thousands of forms, he must familiarize himself with a comparatively small 
number. Milner lists 54 minerals which he states may be expected to occur 


97 


r 

t 
e 
st 

p 

e 

r 
ot 

il 

or 
es 
se 

e 
It 
he 
he 


98 REVIEWS AND NEW PUBLICATIONS 


more frequently than others in sediments, and of these 13 are designated as very 
rare. Furthermore he states that “under normal conditions the number of 
different mineral species occurring in sediments is not great; possibly 25 is a 
fair average for detrital deposits.” For most work the number of minerals that 
must be considered may be greatly diminished by discarding all that have a 
specific gravity less than that of bromoform solution, which is 2.90. ‘“‘An 
investigation of the petrography of certain sediments . . . . has conclusively 
shown that for limited areas . . . . horizons are broadly characterized by 
heavy mineral assemblages.’’ Milner does not claim that long distance correla- 
tion may safely be based upon similar assemblages of the heavier minerals, but 
it is obvious that by a series of short range correlations any desired distance 
could be covered. 

Milner suggests that petrographic methods may advantageously be applied 
to oil field problems, for correlating outcropping strata, for correlating beds that 
are sampled through shallow prospect pits, or deeper strata that may be 
penetrated in wells drilled for oil. The reviewer is confident that there are 
many areas in the oil-yielding parts of the United States where petrographic 
work will yield results of great scientific and economic importance. In regions 
without outcrops contacts between formations may be located and traced by 
petrographic work on samples from shallow holes with resultant discoveries of 
irregularities in the trend of the contact, that may indicate anticlinal folding 
or other economically significant structural feature. In western Oklahoma and 
areas of similarly obscure stratigraphy and structure where shallow holes bored 
with core drills into the red-beds may fail to cut any bed so unique in color 
or composition that it may be readily recognized if it is encountered in some 
near-by hole, it is far from improbable that thin layers with distinctive aggre- 
gates of heavy minerals may be recognized wherever they are penetrated in 
restricted areas. In all oil fields petrographic study of drill cores and finer 
drill cuttings must inevitably reveal characteristics that will sometimes permit 
definite correlation where paleontologic data are lacking, and will always assist 
in making correlation defin‘te, as well as yielding indirect returns of great value 
through the acquaintance with oil-field sediments that must inevitably follow 


such work. 
K. C. HEALD 
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FOR THE ENCOURAGEMENT AND GUIDANCE OF 
ASSOCIATE EDITORS 


An associate editor has written asking me whether the Association wants 
its associate editors merely to read proof, solicit contributions, and the like, 
or whether it wants the associate editors to edit. 

There can be no doubt as to the answer. As stated in the last issue, the 
Bulletin is the most universal and most lasting expression of the Association’s 
activities. It should be the pride of each member. The duty of making and 
keeping it such that it will be a source of pride and gratification falls almost 
entirely on the editorial staff. It follows that the editors and the associate 
editors can scarcely go too far in seeing that each paper published in the Budle- 
tin is well written, well phrased, and well presented, free alike from errors 
in grammar, inaccurate statements, and inadequate treatment of the subject- 
matter. In short, the Association expects its editorial staff to edit. 

The associate editor whose letter I have suggests that an editor should 
do five things, as follows: 

1. Conserve space. If an article can be shortened without losing clearness 
or readability it should be done. 

2. Eliminate ambiguity. Any phrase that is ambiguous should be altered. 

3. Promote clearness. A phrase that is not clear should be called to the 
writer’s attention, preferably with the editor’s interpretation as a suggestion. 

4. Rectify incorrect usage of words. Any word that is incorrectly used 
should be deleted and the correct word substituted. 

5. Correct imperfect grammatical construction. 

If every editor tactfully and thoughtfully follows these rules he is entitled 
to the thanks of each. member of the Association, including those members 
whose papers he edits. 

If therefore, editors and associates, sometimes you receive curses instead 
of blessings, remember that a tree is known by its fruits and a scientific associ- 
ation by its publication, and that the Bidletin is pretty nearly the biggest and 
finest thing our Association does. 

Max W. BALL 


LET’S TALK OF HOUSTON 


The California meeting has come and gone, and our minds are turning to 
the annual meeting in Houston on March 27, 28, and 29. 

We had a wonderful time in California. The field trips, which included 
an all-day trip through the Los Angeles Basin fields Friday, an all-day trip 
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through the Ventura fields Sunday, and, for those who could stay over, four 
days in the San Joaquin Valley, on Monday, Tuesday, Wednesday, and Thurs- 
day, gave us a look at practically every important field in California except 
Huntington Beach. These trips were run off with amazing smoothness and 
promptness, and were so arranged that everyone was kept fully informed on the 
geology of everything he was seeing. Incidentally, they furnished a great 
opportunity for acquaintance and fellowship. 

The program was loaded with information about the California fields, and 
some others besides. The California men opened up their storehouses and 
poured out more information than we could carry away. If ever Association 
spirit was evident, it was evident in the energy, the hospitality, and the generous 
spirit of the California meeting. 

Before the California meeting was over Houston had been selected as the 
next meeting place, and plans were already far advanced for making the 
Houston meeting even better, if possible, than that at Los Angeles. Wichita 
and Ardmore had been strong contenders, but the scope and variety of program 
promised by the Houston sponsors completely overcame the executive com- 
mittee. Even the Mid-Continent and Rocky Mountain men, who had gone 
to the meeting favoring Wichita, were most of them pulling for Houston before 
a decision was reached. 

Because there was so much for the rest of us to learn about California, the 
California program was chiefly descriptive, with very little of a controversial 
nature. It is hoped to swing the Houston program to. the other extreme, 
laying the emphasis on theoretical and even controversial matters. For 
instance, there is to be a half-day’s symposium on salt domes, a subject which 
usually provokes controversy enough for the most belligerent, and perhaps a 
symposium on the occurrence of oil in atypical] structures (meaning structures 
other than closed anticlines), with theories as to the reasons therefor. We 
expect a paper on the origin of oil, giving the results of a series of experiments 
on the actual transformation of oil-forming material into oil, under varying 
conditions of heat, pressure, and moisture. And we hope to have other papers 
by some of our big men on general theories of origin and accumulation. 

Descriptive papers will not be neglected, for, owing to Houston’s location, 
we should be able to have a few papers on the fields of Latin America. We 
hope, by the way, that all the Latin-American geologists who ordinarily find our 
meetings too remote to attend will find it possible to be at Houston, giving us a 
chance for new and renewed acquaintance, and for new voices on the program. 

If you have ideas regarding the program, or the conduct of the meeting, 
or if you have a paper to present, write to Alexander Deussen, 504 Stewart 
Building, Houston, Texas, chairman of the committee on arrangements for the 
meeting, working under John R. Suman, regional director for the Gulf Coast. 
And begin now to make your plans for the meeting. It is only a few weeks 
away. 
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Don’t overlook the fact, by the way, that an increasing number of oil- 
company executives, from company presidents down to department and section 
heads, are attending our meetings and finding them very profitable. If you 
work for a company see that its executive and administrative officers are given 
a cordial invitation to come to Houston. 

Max W. BALL 


OIL RESERVE IN TEAPOT DOME, WYOMING 


Editor American Association of Petroleum Geologists 

DEAR Sir: The geologists engaged in the Teapot investigation for the 
Senate Committee on Public Lands have expressed the opinions that the 
reserves of oil in the Teapot Navy Reserve below the Second Wall Creek are 
“problematical,” “that it is impossible to assign any value to these sands,” and 
“in my opinion the possibilities from these sands are not attractive.” That the 
inclusion in the lease of the reserve in the deep sands was not commented on 
shows how negligible the reserve was thought to be. Since geologists have come 
in for so much criticism by operators for regional underestimates, I wish to 
enter a disclaimer to the effect that the Teapot dome will probably produce 
from below the Second Wall Creek sand a reserve in excess of one-fifth of the 
average reserve given the Second Wall Creek sand by the geologists in question. 
This reserve is of especial importance since in large part it would not have been 
produced till it is needed much more than now. 

Respectfully yours, 
ROsweELL H. JOHNSON 


Professor of Oil and Gas Production 
UNIVERSITY OF PITTSBURGH 


REPRESENTATION IN THE AMERICAN 
PETROLEUM INSTITUTE 

At the St. Louis meeting of the American Petroleum Institute in December, 
Alexander Deussen was elected to the Board of Directors of the Institute to 
represent the Association. Thus, for the first time geology is officially recog- 
nized as an integral part of the oil industry and accorded a seat at the industry’s 
council table. 

The unanimity of this recognition by the leaders of the industry is shown 
by the fact that out of rro nominees for 11 vacancies Deussen received the 
third highest number of votes on the first ballot. 

Max W. BALL 
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THE INTERNATIONAL PETROLEUM EXPOSITION 


The accompanying photograph shows a part of the educational exhibit 
of the International Petroleum Exposition and Congress held in Tulsa, 
Oklahoma, October 8 to 14, 1923. The exposition was conceived and carried 
out with the idea of drawing together the various branches of the oil industry 
and of introducing to all those connected with the industry, and to the public 
at large, the nature of work involved in the finding, producing, refining, and 
marketing of petroleum and all of its products. The exposition in its first 
year was a decided success and will undoubtedly be carrjed on as an annual 
event. 

The geological exhibits were grouped in the general educational exhibit 
of the exposition. Among these exhibits were those of the United States 
Geological Survey and the Bureau of Mines section of Bartlesville, Oklahoma. 
Both of these were extremely interesting and educating to all those who saw 
them. The larger part of the exhibit was arranged for by the geologists of 
Tulsa, who represented the Tulsa Geological Society which also acted as the 
representative of the American Association of Petroleum Geologists, and the 
mid-continent section of the A.I.M.E. Committees from these two bodies 
secured maps, cross-sections, literature, photographs, fossil collections, peg 
models, cores, rock specimens, and various other geological data that would 
be of interest or of educational value to the oil operator and the general public. 
From the interest shown in the exhibit by the crowds attending the exposition, 
we feel that we succeeded in our first attempt at an exhibit of this nature. 

The material for the exhibits was obtained from the various state surveys, 
universities, oil companies, and individuals who were willing to contribute. 
Among these were the Geological Survey of Illinois; the geological department 
of the Atlantic Oil Producing Company of Dallas; the Rolla School of Mines, 
Rolla, Missouri; and the Bureau of Mines of California. The Atlantic Oil 
Producing Company booth (see accompanying photograph) had an excellent 
exhibit on the microscopic study of well cores and the results that can be 
obtained in this work. Mr. Whitehead and the geological department of th« 
Atlantic Company deserve a great deal of praise for the thoroughness with which 
they carried out their ideas of showing the oil operator and driller the importance 
of obtaining and preserving valuable geological data. We hope that next year 
we can obtain more of this material. The idea of the geological exhibit is to 
show the results of geological work in connection with the finding and producing 
of oil. While geology is no longer an experiment with the oil companies and 
operators, it is still necessary to show results obtained from new studies, and 
we believe that these exhibits will furnish the geologists an opportunity to 


present these ideas and results to those most interested in their work. 


RICHARD HUGHES 
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MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the 
following applicants for membership in the Association. This publication 
does not constitute an election, but places the names before the membership 
at large. In case any member has information bearing on the qualifications of 
these applicants, please send it promptly to Charles E. Decker, Norman, 
Oklahoma. 

(Names of sponsors are placed beneath the name of each applicant.) 


FOR FULL MEMBERSHIP 


C. A. Bonine, State College, Pennsylvania 

E. L. Estabrook, J. G. Bartram, E. G. Sinclair 
Harry A. Campbell, Long Beach, California 

J. E. Elliott, R. P. McLaughlin, H. W. Bell 
Charles G. Carlson, Ishpeming, Michigan 

S. C. Herold, G. A. Waring, E. DeGelyer 
Alfred P. Frey, Tampico, Mexico 

W. M. Small, W. S. Adkins, E. L. Porch, Jr. 
William O. George, Bucharest, Roumania 

W. P. Haynes, R. P. Walter, C. R. Stauffer 
John A. Hendricks, Pomona, California 

H. F. Nash, T. Chapin, A. Milek 
Ralph O. Rhoades, Wichita, Kansas 

J. E. Hoover, F. A. Edson, F. A. Herald 
Julian D. Sears, Washington, D.C. 

K. C. Heald, W. C. Mendenhall, David White 
Fred Siemon, Ontario, California 

Wayne Loel, A. N. Mackenzie, W. W. Scott 
John B. Souther, Seguin, Texas 

L. J. Pepperberg, C. H. Row, W. E. Wrather 
Alfred O. Woodford, Claremont, California 

W. S. W. Kew, E. F. Davis, R. M. Overbeck 


FOR TRANSFER FROM ASSOCIATE TO 
FULL MEMBERSHIP 
Warren H. Thralls, Wichita, Kansas 
H. W. C. Prommel, F. A. Herald, R. C. Moore 


FOR ASSOCIATE MEMBERSHIP 


Hubert Bale, Norman, Oklahoma 

V. E. Monnett, O. V. Evans, A. J. Williams 
Cary P. Butcher, Wichita, Kansas 

F. M. VanTuyl, E. S. Shaw, O. M. Rath 
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Richard R. Crandall, Stanford University, California 

E. Blackwelder,-F. G. Tickell, R. D. Reed 
Harold V. Dodd, Los Angeles, California 

R. E. Collom, E. Huguenin, J. B. Case 
Marion H. Funk, Lincoln, Nebraska 

E. H. Barbour, E. F. Schramm, F. K. Foster 
Samuel A. Grogan, Tampico, Mexico 

P. H. Bohart, L. P. Garrett, D. S. Hager 
Stanley E. Jay, Coffeyville, Kansas 

R. C. Moore, C. S. Corbett, R. S. Knappen 
Ward W. Kelley, Manning, Texas 

W. E. Pratt, Alexander Deussen, J. R. Suman 
Laura Lee Lane, Houston, Texas 

W. E. Pratt, Alexander Deussen, J. R. Suman 
John E. Miller, Jr., Bartlesville, Oklahoma 

L. C. Snider, J. E. Thomas, F. A. Herald 
Earl B. Noble, Maricopa, California 

C. R. McCollom, W. A. English, J. B. Stevens 
Laurence G. Putnam, Tampico, Mexico 

W. M. Small, W. S. Adkins, E. L. Porch, Jr. 
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MEMBERSHIP LIST 
Corrected to February 8, 1924 
FULL MEMBERS 


Abrahamson, Hjalmar, 518 U. S. Bank Bldg., Denver, Colo. 

Absher, William F., Norman, Okla. 

Adams, George I., University of Alabama, Tuscaloosa, Ala. 

Adams, G. Whitney, Address unknown 

Adams, H. H., 415 W. T. Waggoner Bldg., Fort Worth, Tex. 

Adams, Noah C., 909 Mid-Continent Bldg., Tulsa, Okla. 

Adkins, W. S., Apartado 150, “El Aguila,” Tampico, Mexico 

Adrian, H., ‘‘La Corona,” Apartado 238, Tampico, Mexico 

Aid, Harry, Box 427, Eastland, Tex. 

Ainsworth, William L., 301 N. Yale St., Wichita, Kan. 

Albertson, Maurice M., Roxana Petroleum Corp., Depew, Okla. 

Alien, E. G., Roxana Petroleum Corp., Arcade Bldg., St. Louis, Mo. 
Allen, Walter J., 705 Kennedy Bldg., Tulsa, Okla. 

Alvey, Glenn H., 526 Elizabeth St., Beaumont, Tex. 

Ambrose, A. W., Empire Gas & Fuel Co., Bartlesville, Okla. 

Ames, Edward W., Box 499, Cisco, Tex. 

Anderson, Amil A., 304 Bitting Bldg., Wichita, Kan. 

Anderson, Carl B., 804 Kennedy Bldg., Tulsa, Okla. 

Anderson, G. E., 501 West Eufaula, Norman, Okla. 

Anderson, John G., Jr., 1402 Cleburne Ave., Houston, Tex. 

Anderson, Robert V., Menlo Park, Cal. 

Andresen, Lewis P., 179 S. Lafayette St., Denver, Colo. 

Andrews, Sylvan H., Box 57, Okmulgee, Okla. 

Applin, Paul L., Rio Bravo Oil Co., 320 Southern Pacific Bldg., Houston, Tex. 
Armstrong, J. M., Box 493, Eureka, Kan. 

Arnold, Ralph, 639 S. Spring St., Los Angeles, Cal. 

Ashley, George H., State Capitol, Harrisburg, Pa. 

Augur, Irving V., 227 Story Bldg., Los Angeles, Cal. 

Aurin, Fritz, Marland Oil Refining Co., Ponca City, Okia. 

Baird, Chester A., 6721 Alta Loma Terrace, Hollywood, Cal. 

Baker, Charles L., 2235 Carlton St., Berkeley, Cal. 

Baker, Raymond F., The Texas Co., Box 1805, Houston, Tex. 
Baldwin, H. L., Ogallah, Kan. 

Baldwin, Harry L., Jr., Panama Oil Corp., Apartado 264, Panama, R.P. 
Ball, Max W., 1104 First National Bank Bldg., Denver, Colo. 

Ball, Sydney H., Room 1414, 42 Broadway, New York City 

Barbour, Dr. E. H., Dept. of Geology, University of Nebraska, Lincoln, Neb. 
Barrett, William G., 433 W. Gilman St., Madison, Wis. 

Barrow, L. T., 1709 D., Brazos St., Austin, Tex. 
Barton, Donald C., Box 1817, Houston, Tex. 
Barton, Louis A., 3139 Samford Place, Shreveport, La. 
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Bartram, John G., Midwest Refining Co., Casper, Wyo. 

Bateman, Alan M., Drawer C, Yale Station, New Haven, Conn. 

Bates, Mowry, Lindsay, Cal. 

Bauer, C. Max, 114 Yellowstone Ave., Billings, Mont. 

Beal, Carl H., Crocker Bldg., San Francisco, Cal. 

Bean, Ward C., 1506 Washington St., Amarillo, Tex. 

Beck, Elfred, Box 157, Billings, Mont. 

Becker, Clyde M., Moran, Kan. 

Beckwith, Henry T., Box 1052, Bartlesville, Okla. 

Beede, J. W., 200 Seneca St., Bartlesville, Okla. 

Beekly, A. L., Box 2025, Tulsa, Okla. 

Bell, Harry W., Supervisor Mineral Division, Shreveport, La. 

Bell, Robert N., Box 1339, Boise, Idaho. 

Bendrat, Dr. Thomas A., Box 838, DeLand Fla. 

Bennett, Clyde M., Lousiana Oil Refining Corp., First National Bank Bldg., 
Shreveport, La. 

Benton, Louis B., Humble Oil Co., Box 58, Ardmore, Okla, 

Berger, Walter R., 621 Marland Drive, Ponca City, Okla. 

Bernard, W. E., Box 511, Okmulgee, Okla. 

Bernoulli, Walter, 48 Place di Meir, Antwerp, Belgium 

Best, J. Boyd, Drawer 1782, care of Higgins Oil & Fuel Co., Houston, Tex. 

Bevier, George M., 703 Pecore St., Houston, Tex. 

Bierman, Alfred C., 311 Southland Life Ins. Bldg., Dallas, Tex. 

Birk, Ralph A., Box 299, Ardmore, Okla. 

Blackwelder, Dr. Eliot, Stanford University, Cal. 

Blanchard, W. G., Box 702, Hominy, Okla. 

Bleecker, Edward S., Room 711, Battery Park Bldg., 21 State St., New York 
City 

Bloesch, Dr. Edward, 721 Kennedy Bldg., Tulsa, Okla. 

Bohart, Philip H., Apartado 106, Tampico, Tamps., Mexico 

Bossler, Robert B., Lynch, Forest County, Pa. 

Bostick, J. Wallace, 5th Floor, Petroleum Bldg., Box 361, Tulsa, Okla. 

Bosworth, Dr. Thomas, O., 12 St. Giles St., Northampton, England 

Bowen, Charles F., Room 322, 26 Broadway, New York City 

Bowen, James P., Temple, Okla. 

Bowman, Wayne F., 1416 Waverly St., Houston, Tex. 

Boyd, Harold E., care of Henry L. Doherty & Co., 60 Wall St., Room 1201, 
New York City 

Boylan, Ebert E., Box 525, Edmond, Okla. 

Boyle, Dr. Albert C., Jr., 162 N. oth St., Laramie, Wyo. 

Brace, Orval L., 207 McWilliams Bldg., E] Dorado, Ark. 

Bradish, Ford, 919 Walker St., Breckenridge, Tex. 

Brainerd, Arthur E., Box 725, Holdenville, Okla. 

Branner, George C., State Capito! Bldg., Little Rock, Ark. 
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Brantly, John E., Atlantic Refining Co., Philadelphia, Pa. 
Brauchli, Dr. Rudolf, Box 2007, Geol. Dept., Tulsa, Okla. 
Bremner, Carl St. J., 2515 Channing Way, Berkeley, Cal. 

Brokaw, Dr. Albert D., 157 Maplewood Ave., Maplewood, N.J. 
Broman, Isidore J., 544 West 31st St., Oklahoma City, Okla. 
Brown, E. Call, 933 Security Bldg., Los Angeles, Cal. 

Brown, J. Earle, 413 Colcord Bldg., Oklahoma City, Okla. 

Browa, Robert W., 225 Ardis Bldg., Shreveport, La. 

Brown, Vergil N., 320 W. 12th St., Tulsa, Okla. 

Browning, I. B., Box 126, Ashland, Ky. 

Bruyere, Alan, Apartado 191, Tampico, Mexico 

Bryan, Barnabas, Room 1414, 42 Broadway, New York City 
Bryan, Frank, 906 Petroleum Bldg., Tulsa, Okla. 

Buehler, H. A., Rolla, Mo. 

Bullard, Edgar F., 604 First National Bank Bldg., Tulsa, Okla. 
Burg, Robert S., 1718 W. T. Waggoner Bldg., Fort Worth, Tex. 
Burleigh, William P., 5405 Dorchester Ave., Chicago, IIl. 

Burnett, J. B., Apartado 150, “El Aguila,’ Tampico, Mexico 
Burress, Walter M., 7or E. Grand, Tonkawa, Okla 

Burt, Roy A., Downer’s Grove, IIl., or Independence, Kan. 
Burton, George E., Box 248, Holdenville, Okla. 

Burtt, John G., 806 Coutra Costa Road, Berkeley, Cal. 

Bush, Reed D., State Mining Bureau, Ferry Bldg., San Francisco, Cal. 
Butters, Roy M., 720 Convent Ave., Laredo, Tex. 

Butterworth, E. M., Room 1625, 225 Bush St., San Francisco, Cal. 
Buttram, Frank, 601 W. 14th St., Oklahoma City, Okla. 

Buttram, William A., 721 Braniff Blg., Oklahoma City, Okla. 
Bybee, Dr. H. P., University Station, Box 1600, Austin, Tex. 
Cadman, W. K., 155 Washington Ave., Edgewood, Pittsburgh,’Pa. 
Cady, Dr. Gilbert H., University of Arkansas, Fayetteville, Ark. 
Calvert, W. R., 557 Metropolitan Theater Bldg., Los Angeles, Cal. 
Campbell, Marius R., U. S. Geological Survey, Washington, D.C. 
Carlton, Dave P., 908 Humble Bldg., Houston, Tex. 

Carney, Frank, Box 309, Eldorado, Kan. 

Carpenter, Everett, Box 426, Winfield, Kan. 

Case, J. B., 1126 Pacific Finance Bldg., Los Angeles, Cal. 


Cashin, D’Arcy M., 320 Humble Bldg., Southern Explor. Co., Houston,\Tex. 


Caudill, Samuel J., 1016 Atlas Life Bldg., Tulsa, Okla. 
Cave, Harold S., Geol. Dept., The Texas Co., Houston, Tex. 
Cavins, O. A., Apartado 64 Bis, Mexico, D. F. 

Chapin, Theodore, Apartado 285, Tampico, Mexico 

Chase, James L., Box 583, Long Beach, Cal. 

Cheney, Charles A., 428 Mayo Bldg., Tulsa, Okla. 

Cheney, M. G., Box 65, Graham, Tex. 
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Clapp, Frederick G., Suite 2025, 30 Church St., New York City 

Clark, Chester C., g09 Giddings-Lane Bldg., Shreveport, La. 

Clark, Dr. Clifton W., Shamrock Oil Co., Wichita Falls, Tex. 

Clark, Frank R., 723 Petroleum Bldg., Tulsa, Okla. 

Clark, Glenn C., Marland Refining Co., Ponca City, Okla. 

Clark, Howard, Box 309, Eldorado, Kan. 

Clark, Robert W., 620 Commerce Bldg., Okmulgee, Okla. 

Clark, Stuart K., 624 Mayo Bldg., Box 902, Tulsa, Okla. 

Clarke, Archibald D., Box 188, Duncan, Okla. 

Clarke, Carl W., 6th Floor, Mid-Continent Bldg., Tulsa, Okla. 

Cline, Justus H., Derby Oil Co., Wichita, Kan. 

Clinkscales, A. S., 121 S. Thompson St., Vinita, Okla. 

Closuit, E. M., Drawer 737, Fort Worth, Tex. 

Clowe, Charles E., Box 262, Ardmore, Okla. 

Coats, Charles M., Box 1116, Wichita, Kan. 

Collingwood, Douglas M., State Geological Survey, Urbana, IU. 

Collom, Roy E., 920 Fresno Ave., Berkeley, Cal. Business, Crocker Bldg., 
San Francisco 

Condit, D. Dale, Whitehall Petr. Corp., Ltd., 83 The Mall, Lahore, India 

Conkling, R. A., 1109 Colcord Bldg., Oklahoma City, Okla. 

Cook, Harold J., Agate, Neb. 

Corbett, Clifton S., 1201 Oread Apartments, Lawrence, Kan. 

Coryell, Lewis S., 337 W. 5th St., Bristow, Okla. 

Crebbs, Chester M., Apartado 248, Caracas, Venezuela, S.A. 

Crooks, Harold F., 4 Rue Herran, Paris, France 

Crider, A. F., 821 Ontario St., Shreveport, La. 

Crum, Harry E., Box 286, Ottawa, Kan. 

Cullen, John, 2100 N St., N.W., Washington, D.C. 

Cuilen, Tom J., U. S. Bureau of Mines, Casper, Wyo. 

Cutler, Willard W., Jr., 123 Georgina Ave., Santa Monica, Cal. 

Dalburg, Frank A., Apartado 85, Maracaibo, Venzuela 

Dallas, Orlan L., Apartment 105, Ricardo Hotel, Kansas City, Mo. 

Dally, Claude F., 2004 W. 15th St., Oklahoma City, Okla. 

Dangerfield, Albert N., Box 413, Riverside, ‘Cal. 

Darnell, James L., 170 Broadway, New York City 

Davies, Fred A., Box 1304, Billings, Mont. 

Davis, Elmer F., 417 East Randolph St., Glendale, Cal. 

Davis, Ralph E., Room go2, Peoples Gas Bldg., Pittsburgh, Pa. 

Davis, Robert J., Box 1162, Tulsa, Okla. 

Dawson, James M., Box 234, Maracaibo, Venezuela 

Day, Clarence O., 617 Edwards St., Shreveport, La. 

Dean, David, Box 197, El Dorado, Ark. 

Dean, Paul, 2823 E. 5th St., Tulsa, Okla. 

Decker, C. E., 508 Chautauqua Ave., Norman, Okla. 
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DeGolyer, E., 65 Broadway, New York City 

DeLoys, Francois, Drawer 1162, Tulsa, Okla. 

Deussen, Alexander, 1105-6 State National Bank Bldg., Houston, Tex. 

DeWolf, Frank W., Boyd Oil Co., 1320 Kirby Bldg., Dallas, Tex. 

Dickie, W. E., 324 W. Lockwood Ave., Webster Groves, Mo. 

Dissinger, Earl, Apartado 1390, La Espuela Oil Co., Tampico, Mexico 

Dixon, A. Faison, Room 2229, 120 Broadway, New York City 

Dobbin, Carroll I.., U. S. Geological Survey, Washington, D.C. 

Dobbins, Charles N., University of N. Carolina, Yadkinville, N.C. 

Dodge, William E., 315 W. Highland Ave., Shawnee, Okla. 

Dodson, Floyd C., Lockhart, Tex. 

Dolman, Phil B., Box 2045, Carter Oil Co., Tulsa, Okla. 

Donnelly, L. G., 315 Burns St., Forest Hills, Long Island, N.Y. 

Donoghue, David, West Bldg., Houston, Tex. 

Donovan, Percy W., 710 Security Bldg., Minneapolis, Minn. 

Dorchester, Charles M., Box 107, Gulf Refining Co., Shreveport, La. 

Dott, Robert H., Box 2045, Tulsa, Okla., or 409 Fifth St., Sioux City, Iowa 

Doub, Charles O., 809 Atlas Life Bldg., Tulsa, Okla. 

Douglas, James M., Box 571, Union Oil of California, Ft. Collins, Colo. 

Dovre, Adolph O., Box 1109, Sun Oil Co., Dallas, Tex. 

Drake, Dr. N. F., Fayetteville, Ark. 

Dreher, Dr. Otto, Bataafsche Petroleum Co., The Hague, Holland 

Dresser, Myron A., Avenida de Mayo 560, Buenos Aires, Argentina 

Drummond, Wallace G., Address not known 

Duce, James T., care of A. C. Hunter, The Texas Co., 17 Battery Place, New 
York City 

Dumble, E. T., 316 Southern Pacific Bldg., Houston, Tex. 

Dunlevy, Robert B., 819 E. 9th Ave., Winfield, Kan. 

Duston, Arthur W., Box 1343, Okmulgee, Okla. 

Easton, H. D., 304-6 Ardis Bldg., Shreveport, La. 

Eaton, Clayton H., 315 Masonic Bldg., Enid, Okla. 

Ebmeyer, Gerard E., Geol. Dept., Empire Gas & Fuel Co., Bartlesville, Okla. 

Eckes, Charles R., Apartado 388, Caracas, Venezula 

Edson, Dwight J., Box 612, Corsicana, Tex. 

Edson, Fanny C., Box 885, Stanford, Cal. 

Edson, Frank A., 755 DeBarr Ave., Norman, Okla. 

Edwards, Everett C., Apartado 64, Villahermosa, Tabasco, Mexico 

Edwards, Orrin M., ro21 E. 6th St., Tulsa, Okla. 

Egan, John A., Carter Oil Co., Box 2045, Tulsa, Okla. 

Eichelberger, Orion H., 93 Drew Ave., Houston, Tex. 

Eirich, Constance G., 410 Clinton Bldg., Box 2044, Tuisa, Okla. 

Ekblaw, W. E., 711 W. Nevada St., Urbana, Ill. 

Elledge, George A., Apartado 216, Cortez Oil Corp., Tampico, Mexico 

Elliott, John E., 903 Wright & Callender Bldg., Los Angeles, Cal. 
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Ellis, George L., 734 Kennedy Bldg., Tulsa, Okla. 

Ellisor, Miss Alva C., 903 Humble Oil & Refining Bldg., Houston, Tex. 

Ely, Fred B., care of Nederlandsche Koloniale Petr. My., 20 W. .Koningsplein, 
Batavia, Java 

Emery, Dr. Wilson B., Ohio Oil Co., Casper, Wyo. 

Emmons Dr. William H., University of Minnesota, Minneapolis, Minn. 

Emrick, E. B., 302 Klingle Mansions, Washington, D.C. 

English, Leon E., 806 Euclid Ave., Lawton, Okla. 

English, Walter A., Standard Oil Co., Taft, Cal. 

Erni, Dr. Arthur, Frohheimstr 11, Olten, Switzerland 

Estabrook, Edward L., Midwest Refining Co., Casper, Wyo. 

Evans, Oren F., 810 Monnet St., Norman, Okla. 

Fath, A. E., Vacuum Oil Co., 61 Broadway, New York City 

Fees, Leon V., Box 2100, Denver Colo. 

Ferguson, John L., Box 328, Cisco, Tex. 

Ferguson, R. N., 437 Consolidated Bldg., Los Angeles, Cal. 

Fettke, Dr. Charles R., 1118 Wightman St., Pittsburgh, Pa. 

Filmer, Edwin A., No. 5 Garden Court, Binghamton, N. Y. 

Finch, Elmer H., Texas Oil Co., Houston, Tex. 

Finley, D. D., Box 231, Pennsylvania Ave. Station, Washington, D.C. 

Fischer, Dr. O., Box 782, Charleston, W.Va. 

Fisher, Cassius A., 711 First National Bank Bldg., Denver, Colo. 

Floyd, F. W., Box 2045, Tulsa, Okla. 

Fohs, F. Julius, 60 Broadway, New York City 

Foley, Lyndon L., 1109 N. Cheyenne Ave., Tulsa, Okla. 

Folger, Anthony, 2715 Claremont Boulevard, Berkeley, Cal. 

Ford, Carl S., Box 143, Enid, Okla. 

Forrester, George A., 251 S. Rutan St., Wichita, Kan. 

Foster, Walter L., University of Tulsa, Tulsa, Okla. 

Foster, William H., 809 Atlas Bldg., Tulsa, Okla. 

Fowler, George M., University Club, Salt Lake City, Utah 

Franklin, Louis, New York Oil Co., Casper, Wyo. 

Freedman, Louis H., 407 Burkburnett Bldg., Fort Worth, Tex. 

Friend, Russell D., 1646 Mass. St., Lawrence, Kan. 

Froyd, Erwin, A., Salt Creek, Wyo. 

Fuqua, H. B., Box 988, Wichita Falls, Tex. 

Fyfe, Douglas, 215 W. 7th St., Los Angeles, Cal. 

Galbraith, Thomas J., 608 Standard Oil Bldg., San Francisco, Cal., or Ancon, 
Canal Zone. 

Gale, Hoyt S., 1775 Hill Drive, Eagle Rock, Los Angeles, Cal. 

Galpin, Dr. S. L., 630 Park Ave., Ames, Iowa 

Ganz, Dr. Ernst, Bataafsche Petr. Mpy., The Hague, Holland 

Gardner, James H., 121 East 6th St., Tulsa, Okla. 

Garfias, Valentine R., care of H. L. Doherty & Co., 60 Wall St., New York City 
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Garner, Aubrey H., 120 Broadway, New York City 

Garnjost, Frederick W., Spuyten Duyvil, New York City 

Garrett, L. P., Gulf Bldg., Drawer, 1791, Houston, Tex. 

Garrett, Melvin M., 819 City National Bank Bldg., Wichita Falls, Tex. 

Garrett, Robert E., 906 Petroleum Bldg., Tulsa, Okla. 

Garrett, 5. G., Drawer toor, Fort Worth, Tex. 

Gartner, James L., Box 1748, Tulsa, Okla. 

Gawthorp, R. M., Transcontinental Oil Co., Tulsa, Okla. 

Gaylord, E. G., 79 New Montgomery St., San Francisco, Cal. 

Geis, Wilfrid H., Box 605, Casper, Wyo. 

Gester, George C., 617 Standard Oil Bldg., San Francisco, Cal. 

Gester, Stephen H., 607 Standard Oil Bldg., San Francisco, Cal. 

Getzendaner, Frank M., Humble Oil Co., Uvalde, Tex. 

Geyer, F. Park, Marland Refining Co., Ponca City, Okla. 

Giffin, Wilson C., 28 Ramos Bldg., Laredo, Tex. 

Giles, Albert W., Box 293, University, Va. 

Glenn, Dr. L. C., 2111 Garland Ave., Nashville, Tenn. 

Goldston, Walter L., Jr., Box 379, Bartlesville, Okla. 

Goodrich, Harold B., 212 Atco Bldg., Tulsa, Okla. 

Goodrich, Robert D., Jefferson Hotel, Dallas, Tex. 

Gordon, Dugald, 1136 S. Owasso St., Tulsa, Okla. 

Gordon, Wallace, Gordon Home Place, Azusa, Cal. 

Gouin, Frank, 510 Commercial Bidg., Tulsa, Okla. 

Gould, Dr. Charles N., 1218 Colcord Bldg., Oklahoma City, Okla. 

Graham, Edwin S., Graham, Tex. 

Grant, Dr. U. S., Northwestern University, Evanston, IIl. 

Gray, Alfred, Atlantic Prod. Co., Dallas, Tex. 

Grebin, Frederick C., care of T. S. Taliaferro, 610 First National Bank Bldg., 
Houston, Tex. 

Green, George L., 1106 Ramona St., Palo Alto, Cal. 

Greene, Frank C., 1434 S. Cincinnati Ave., Tulsa, Okla. 

Griswold, Clyde T., 545 Pecos Ave., Raton, N.M. 

Gunter, Herman, 715 E. Virginia St., Tallahassee, Fla. 

Hageman, Donald E., Mid-Northern Oil Co., Sunburst, Mont. 

Hager, Dilworth S., Box 1791, Houston, Tex. 

Hager, Lee, 502 West Bldg., Houston, Tex 

Hall, Roy H., Box 2044, Tulsa, Okla. 

Hamilton, Charles W., Room 711, 21 State St., New York City 

Hamilton, H. L., Box 157, Somerset, Tex. 

Hamilton, W. R., 1325 S. Boston Ave., Tulsa, Okla. 

Hammer, Alva A., 524 Securities Bldg., Billings, Mont. 

Hammill, Chester A., 1417 Amer. Exchange Bank Bldg., Dallas, Tex. 

Hance, James H., 708 W. Washington Blvd., Urbana, Ill. 

Hans, Oscar E., Address unknown 


THE ASSOCIATION ROUND TABLE II3 


Hares, Charles J., 305 Franklin St., Denver, Colo. 

Harlowe, Leslie S., Box 1117, Louisiana Oil Refining Co., Shreveport, La. 
Harnsberger, T. K., Box 312, Tulsa, Okla. 

Harper, Oliver C., 207 Peecan St., Sweetwater, Tex. 

Harrison, Thomas S., 1106 First National Bank Bldg., Denver, Colo. 
Hartley, Burton, 602 West Seventh St., Tulsa, Okla. 

Hartman, Adolph E., 1108 W. T. Waggoner Bldg., Box 1275, Fort Worth, Tex. 
Haury, P. S., 815 S. Beacon St., Dallas, Tex. 

Hawley, James E., 433 W. Gilman St., Madison, Wis. 

Haworth, Dr. Erasmus, 1503 Mass. St., Lawrence, Kan. 

Haworth, Huntsman, Box 955, 425 N. Atchinson St., El] Dorado, Kan. 
Hayes, Dr. A. O., Avendia de Mayo 560, Buenos Aires, Argentina, S.A. 
Hayes, Reese L., 310 S. Frisco, Tulsa, Okla. 

Haynes, Dr. W. P., 74 Beacon St., Hyde Park, Boston 36, Mass. 
Hazeltine, R. S., Sterling Oil & Refining Co., Wichita, Kan. 

Heald, Kenneth C., U. S. Geological Survey, Washington, D.C. 
Heaton, R. L., 2374 Elm St., Denver, Colo. 

Heidenreich, W. L., 4000 S. Benton, Kansas City, Mo. 

Hendon, Bryan, 1129 N. Beard St., Shawnee, Okla. 

Hendrickson, Victor J., 1703 Williams St., Denver, Colo. 

Henley, A. S., 1106 Scanlan Bldg., Houston, Tex. 

Hennen, Ray V., 282 Grand St., Morgantown, W.Va. 

Henniger, Waldemar F., t109 California Ave., Houston, Tex. 

Henning, John L., Hotel Beaumont, Beaumont, Tex. 

Henny, Gerhard, Shell Co. of California, Higgins Bldg., Los Angeles, Cal. 
Henry, William W., Box 341, Tulsa, Okla. 

Herald, Frank A., 303 Cosden Bldg., Tulsa, Okla. 

Herald, J. M., 303 Cosden Bldg., Tulsa, Okla. 

Herold, Stanley C., Stanford University, Cal. 

Heroy, William B., 19 Wayne Ave., White Plains, N.Y. 

Hill, Benj. F., Cripple Creek, Colo. 

Hill, Robert T., 1239 North Central Ave., Glendale, Cal. 

Hindes, E. P., Box 389, Bartlesville, Okla. 

Hinds, Henry, 1153 Laurel Ave., St. Paul, Minn. 

Hintze, E. F., 400 California Bldg., Denver, Colo. 

Hodge, Edwin T., University of Oregon, Eugene, Ore. 

Hofiman, Charles C., Empire Gas & Fuel Co., Bartlesville, Okla. 
Holden, William J., Box 216, Camden, Ark. 

Holloman, Roy, Ohio Oil Co., Shreveport, La. 

Holman, Eugene, Box 198, Humble Oil Co., Shreveport, La. 

Honess, Charles. W., 709 Masonic Bldg., Bartlesville, Okla. 

Hoover, James E., 432 Mayo Bldg., Box 1592, Tulsa, Okla. 

Hopkins, Edwin B., Room 953, 25 Broadway, New York City 
Hopkins, M. J., 5213 Canada Drive, Seattle, Wash. 
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Hopkins, Dr. Oliver B., Imperial Oil Co., 56 Church St., Toronto, Canada 

Hopper, Walter E., 3:1 Edwards St., Shreveport, La. 

Horn, Carl G., 423 W. 27th St., Oklahoma City, Okla. 

Howe, Dr. Henry V., Dept. of Geology, La. State University, Baton Rouge, La. 

Howe, James V., Tidal Oil Co., W. T. Waggoner Bldg., Fort Worth, Tex. 

Howell, Jesse V., Geol. Dept., Marland Oil Refining Co., Ponca City, Okla. 

Howell, Willie F., Phillips Petroleum Co., Bartlesville, Okla. 

Hoyt, William V., 117 E. Haskell St., Tulsa, Okla. 

Hubbard, William E., Box 1034, Wichita Falls, Tex. 

Hudson, Frank S , goo Title Ins. Bldg., Los Angeles, Cal. 

Hughes, C. Don, Box 148, Empire Gas & Fuel Co., Duncan, Okla. 

Hughes, Richard, 902 Cosden Bldg., Tulsa, Okla. 

Hughes, Urban B., Atlantic Oil Prod. Co., Dallas, Tex. 

Hughes, V. H., 406 Exchange National Bank Bldg., Tulsa, Okla. 

Huguenin, Emile, State Mining Bureau, Santa Paula, Cal. 

Hull, J. P. D., Box 1117, La. Oil Refining Corp., Shreveport, La. 

Hummel, E. W., Mountain View, Okla. 

Hunter, Kenneth H., 450 Allendale Road, Pasadena, Cal. 

Huntley, Louis G., 505 Frick Bldg., Pittsburgh, Pa. 

Hutchison, L. L., Box 1515, Kennedy Bldg., Tulsa, Okla. 

Hyde, Clarence E., 1106 W. 20th St., Oklahoma City, Okla. 

Iddings, Arthur, London & Pacific Petroleum Co., Geol. Dept., Negritos, 
Tolora, Peru 

Imbt, Robert F., Humphreys Oil Co., Mexia, Tex. 

Irwin, Joseph S., Box 448, Denver, Colo. 

Jensen, Joseph, 772 Pacific Electric Bldg., Los Angeles, Cal. 

Johnson, Frederick A., Anchor Oil & Gas Co., Sheffield, Pa. 

Johnson, Harry R., 1101 Stock Exchange Bldg., Los Angeles, Cal. 

Johnson, Roswell H., 1039 Murrayhill Ave., Pittsburgh, Pa. 

Jones, Edward L., Jr., Box 1263, Ponca City, Okla. 

Jones, Dr. J. C., University of Nevada, Reno, Nev. 

Jones, James J., 328 N. Xenophon Ave., Tulsa, Okla. 

Jones, Richard A., Hotel Hamilton Annex, Laredo, Tex. 

Justice, Philip S., Drawer 790, care of Sun Company, Beaumont, Tex. 

Kautz, Archie R., Box 1692, Wichita Falls, Tex. 

Kay, Fred H., Apartado 351, Caracas, Venezuela, care of Venezuelan Sun, Ltd. 

Keeler, Clifton M., 816 Waggoner Bldg., Wichita Falls, Tex. 

Kemp, James F., Schemmerhorn Hall, Columbia University, New York City 

Kendrick, Frank E., Lone Star Gas Co., Dallas, Tex. 

Kennedy, Luther E., 404 Atlas Life Bldg., Tulsa, Okla. 

Kennedy, William, 2909 S. Jennings Ave., Fort Worth, Tex. 

Kent, Joseph T., Room 5017, Interior Bldg., Washington, D.C. 

Keppler, Leo G., Box 641, Tulsa, Okla. 

Kernan, Thomas H., Apartado 1o, Frontera, Tabasco, Mexico 
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Kerr, John B., 2423 Prospect St., Berkeley, Cal. 

Kesler, L. W., 1305 E. oth St., Winfield, Kan. 

Kew, Dr. W. S. W., 901 S. Norton Ave., Los Angeles, Cal. 

Kimball, Kent K., Mid-Kansas Oil Co., Tulsa, Okla. 

King, Vernon L., 627 N. Milton Ave., Whittier, Cal. 

Kirby, Grady, Box 564, San Antonio, Tex. 

Kirk, Charles T., 432 Mayo Bldg., Tulsa, Okla. 

Kirwan, Matthew J., Bureau of Mines, Bartlesville, Okla. 

Kite, William C., 704-7 Braniff Bldg., Oklahoma City, Okla. 

Kitson, Howard W., 106 S. Madison Ave., Pasadena, Cal. 

Knapp, Arthur, Box 1902, Philadelphia, Pa. 

Knapp, G. N., Address unknown 

Knappen, Russell S., 1021 Maine St., Lawrence, Kan. 

Kniker, Hedwig T., Geol. Dept., The Texas Co., Houston, Tex. 

Knox, John K., 1115 Missouri Ave., Houston, Tex. 

Kolm, Robert N., Atlantic Prod. Co., Box 1165, Wichita Falls, Tex. 

Koto, B., Imperial University, Tokio, Japan 

Krampert, E. Walter, 3020 House St., Box 1245, Cheyenne, Wyo. 

Kraus, Edgar, Box 372, Enid, Okla. 

LaCroix, Morris F., 82 Devonshire St., Boston, Mass. 

Lahee, Dr. Frederic H., 5th Floor, Amer. Exchange National Bank Bldg., 
Dallas, Tex. 

Laird, B. Leo, 225 Bush St., San Francisco, Cal. 

LaNeve, R. O., 415 N. West 2d St., Mineral Wells, Tex. 

Langworthy, A. A., 215 S. Guthrie, Tulsa, Okla. 

Larkin, Pierce, 1440 S. Norfolk, Tulsa, Okla. 

Laskey, Glenn E., 909 Giddings Lane Bldg., Shreveport, La. 

Lasky, Bernard H., 208 Tuloma Bldg., Tulsa, Okla. 

Lauer, Dr. Arnold W., care of Carter Oil Co., Box 2045, Tulsa, Okla. 

Lee, Marvin, 945 N. Vassar St., Wichita, Kan. 

Lee, Wallace, care of Commissioner General, Royal Railway Dept., Bankck, 
Siam 

Leibensperger, Raymond, Apartado 657, Tampico, Mexico 

Lemley, G. C., Mt. Morris, Pa. 

Levorsen, A. Irving, Box 93, Gypsy Oil Co., Albuquerque, N.M. 

td. Lewis, James O., 742 Kennedy Bldg., Tulsa, Okla. 

Lewis, J. Volney, Rutgers College, New Brunswick, N.J. 

ty Lewis, J. Whitney, 1412 S. Denver St., Tulsa, Okla. 

: Ley, Henry A., 612 E. Poplar St., Independence, Kan. 

Liddle, Ralph A., Standard Oil Co., Maracaibo, Venezuela, S.A. 

Lilligren, J. M., 3118 W. 18th St., R.F.D. No. 2, care of W. H. Young, Oklahoma 
City, Okla. 

Lilly, Eugene, Endicott Bldg., St. Paul, Minn. 

Lindeblad, E. E., 710 New Masonic Bldg., Bartlesville, Okla. 
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Link, Theodore A., Tropical Oil Co., Apartado 170, Cartagena, Colombia, 
S.A. 

Lloyd, E. Russell, 1104 First National Bank Bldg., Denver, Colo. 

Loel, Wayne, 1025 Stock Exch. Bldg., Los Angeles, Cal. 

Logan, Clarence Z., 5016 Interior Bldg., Washington, D.C. 

Longmire, William R., Box 175, Ponca City, Okla. 

Longyear, Robert D., 710 Security Bldg., Minneapolis, Minn. 

Loomis, Harve, Box 510, Ardmore, Okla. 

Lounsbery, Dean E., Box 1308, Mid-Northern Oil Co., Billings, Mont. 

Lowe, E. N., Box 68, Jackson, Miss. 

Lowe, H. J., Address unknown 

Lupton, Charles T., 617 Gilpin St., Denver, Colo. 

Lynton, Edward D., 634 Higgins Bldg., Los Angeles, Cal. 

Lyon, F. Russell, 309 New Masonic Bldg., Bartlesville, Okla. 

Lyons, Richard T., Humphreys Oil Co., Mexia, Tex. 

MacDonald, Donald F., Room 2300, 45 Nassau St., New York City 

MacDonald, E. H., 520 Securities Bldg., Billings, Mont. 

MacKay, B. R., care of Whitehall Petroleum Corp., 15 Lawrence Road, 
Lahore, India. 

MacKay, Hugh, 706 S. Poplar St., Sapulpa, Okla. 

Mackenzie, Andrew C., 1312 Stevenson Ave., Pasadena, Cal. 

Macready, George A., 614 S. Carondelet St., Los Angeles, Cal. 

Manning, Van H., 15 West 44th St., New York City 

Markham, Edmond O., 208 Continental Oil Bldg., Denver, Colo. 

Marsters, V. F., 123 Railway Exchange Bldg., Kansas City, Mo. 

Martin, F. I., Apartado 234, Maracaibo, Venezuela, S.A. 

Mason, Shirley L., 5554 Avondale Place, Pittsburgh, Pa. 

Masterson, Rebecca, 232 Marshal St., Houston, Tex. 

Mather, Kirtley F., Granville, Ohio 

Matson, George C., 1534 E. 17th Place, Tulsa, Okla. 

Matteson, Wallace G., Box 376, Center Moriches, Long Island, N.Y. 

May, Arthur R., Box 596, Santa Maria, Cal. 

McCallie, Samuel W., Geological Survey, Atlanta, Ga. 

McCluer, R. D., Box 742, Corsicana, Tex. 

McCollom, C. R., Union Oil Bldg., Los Angeles, Cal. 

McCollough, A. S., Box 115, Gallup, N.M. 

McCoy, Alex. W., Box 379, Bartlesville, Okla. 

McCrary, E. W., Box 790, Tulsa, Okla. 

McFarland, R. S., Twin State Oil Co., Tulsa, Okla. 

McFerron, George I., 803 S. Quaker St., Tulsa, Okla. 

McGowan, James J., Caixa Postal 315, Loanda, Angola, Africa 

McIntyre, Paul, J., Phillips Petroleum Co., Bartlesville, Okla. 

McKanna, Edwin A., Apartado 162, Tampico, Tamps., Mexico 

McKee, H. H., 120 Broadway, New York City 
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: McKim, J. W., 230 First National Bank Bldg., Denver, Colo. 

McLaughlin, R. P., 903 Wright & Callendar Bldg., Los Angeles, Cal. 

McLellan, Hiram J., Humble Oil & Refining Co., Cisco, Tex. 

McLeod, Angus, 909 Giddings Lane Bldg., Shreveport, La. 

McNutt, Vachel H., 404-405 Commercial Bldg., Tulsa, Okla. 

McWhirt, Burr, Roxana Petrloeum Corp., Box 1162, Tulsa, Okla. 

Melcher, A. F., 4115 Emery Place, N.W., Washington, D.C. 

Melhase, John, 651 Vincente Ave., Berkeley, Cal. 

Mendenhall, Walter C., U. S. Geological Survey, Washington, D.C. 

Meredith, Carlton, Kirby Bldg., Dallas, Tex. 

Merritt, Floyd C., 903 Wright & Callender Bldg., Los Angeles, Cal. 

Merritt, J. W., 1324 E. 17th Place, Tulsa, Okla. 

Mileh, Andrew, Mex. Sinclair Petrol. Corp., Apartado 241, Tampico, Tamps, 
Mex. 

Millard, William J., 217 Lynch Bldg., Tulsa, Okla. 

Miller, Arthur M., 609 S. Livingston St., Lexington, Ky. 

Miller, John C., 2t05A Ann Ave., St. Louis, Mo. 

Miller, Wendell Z., 447 Kennedy Bldg., Tulsa, Okla. 

Miller, Willard L., 917-22 Braniff Bldg., Oklahoma City, Okla. 

Millikan, Charles V., Box 2022, Petroleum Bldg., Tulsa, Okla. 

Mills, R. Van A., U. S. Bureau of Mines, Washington, D.C. 

Minor, H. E., Gulf Prod. Co., Houston, Tex. 

Mix, Sidney E., 261 Dalzell St., Shreveport, La. 

Monnett, V. E., 123 White St., Norman, Okla. 

Moody, Clarence L., Ohio Oil Co., 317 Commercial Bank Bldg., Shreveport, La. 

Moore, Dr. Raymond C., University of Kansas, Lawrence, Kan. 

Moran, Robert B., 215 W. 7th St., Los Angeles, Cal. 

Morgan, Frank A., Jr., 412 Security Bldg., Los Angeles, Cal. 

Morgan, George D., 1223 Rigsby Ave., San Antonio, Tex. 

Morgan, Glenn B., 115 W. roth St., Cheyenne, Wyo. 

Morley, Harold T., The Midwest Refining Co., Box 1075, Casper, Wyo. 

Morris, A. F., Humphreys Oil Co., Mexia, Tex. 

Morse, William C., Agricultural College, Miss. 

Moulton, Gail F., University of South Dakota, Vermilion, S.D. 

Moyer, W. I., 3525 Forbes St., Pittsburgh, Pa. 

Munn, Malcolm J., Cosden Bldg., Tulsa, Okla. 

Myers, John C., Box 1162, Roxana Petr. Corp., Tulsa, Okla. 

Mylius, L. A., 318 N. Neil St., Champaign, III. 

Naramore, Chester, care of Sinclair Exploration Co., 45 Nassau St., New 


York, N.Y. 
Nash, Howard F., Apartado 285, Tampico, Mexico 
Nelson, Walter S., 518 U. S. National Bank Bldg., Box 1227, Denver, Colo. 


Nelson, Wilbur A., Capitol Annex, Nashville, Tenn. 
Nesbit, Millard F., Santa Barbara, Chihuahua, Mexico 
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Neumann, L. Murray, Box 2045, Tulsa, Okla., care of Carter Oil Co. 

Nevin, Charles M., Dept. of Geol., Cornell University, Ithaca, N.Y. 
Newby, Jerry B., 519 W. 4th St., Oklahoma City, Okla. 

Newby, Warner W., Box 1263, Ponca City, Okla. 

Nichols, Charles R., Apartado 85, Maracaibo, Venezuela 

Nickell, C. O., The Texas Co., Box 983, Wichita Falls, Tex. 

Nisbet, John M., 703 Empire Bldg., Bartlesville, Okla. 

Noble, Homer A., Marland Oil Co., Apartado 31, Panuco, Veracruz, Mexico 


Nolan, Edward D., General Petroleum Corp., Higgins Bldg., Los Angeles, Cal. 


Norton, George H., 205 W. Monroe St., Chicago, IIl. 

Notestein, Frank B., Box 295, Wooster, Ohio 

Nowels, Kenneth B., Bureau of Mines, Shiprock, N.M. 

Nowlan, Harry H., Bradstreet Oil Co., Cosden Bldg., Box 1301, Tulsa, Okla. 
Officer, Herbert G., Twin State Oil Co., Tulsa, Okla. 

Ohern, Dr. D. W., 515 W. 14th St., Oklahoma City, Okla. 

Olsson, Axel A., 48 Woodside Ave., Gloversville, N.Y. 

Orr, Milo M., 415 W. 11th St., Oklahoma City, Okla. 

Orynski, Leonard W., Drawer 338, Colorado, Tex. 

Osborne, Clarence B., 402 Security Bldg., Los Angeles, Cal. 
Overbeck, Robert M., 834 E. Ocean Ave., Long Beach, Cal. 

Owen, Edgar W., Box 133, Garnett, Kan. 

Owens, Allen L., The Carter Oil Co., Box 722, Parkersburg, W.Va. 
Pack, R. W. Drawer 790, Beaumont, Tex. 

Paige, Sidney, U. S. Geological Survey, Washington, D.C. 

Panyity, Louis S., 301 19th Ave., Columbus, Ohio 

Patrick, Walden W., The Carter Oil Co., Tulsa, Okla. 

Parker, E. C., 440 S. Palm St., Ponca City, Okla. 

Parsons, Frank B., Address unknown 

Patton, Dr. H. B., 3111 W. 36th Ave., Denver, Colo. 

Peabody, Harlan W., Box 625, Stillwater, Okla. 

Pellekaan, Dr. W. Van H., Roxana Petr. Corp., Mayo Bldg., Tulsa, Okla. 
Pemberton, J. R., 1230 N. Vine St., Hollywood, Cal. 

Pepperberg, Leon J., Amer. Exch. National Bark Bldg., Dallas, Tex. 
Perini, Vincent C., Jr., 773 Downing Ave., Denver, Colo. 

Perkins, Joseph M., 1218 Colcord Bldg., Oklahoma City, Okla. 
Perrine, Dr. Irving, 704-7 Braniff Bldg., Oklahoma City, Okla., 


Peterson, Clarence J., care of W. L. Walker, 331 First National Bank Bldg., 


Denver, Colo. 
Petty, Dabney E., 10 roth St., San Antonio, Tex. 
Phelps, Robert W., 424 S. Madrona Ave., Brea, Cal. 
Pishel, Max A., Box 204, Tulsa, Okla. 
Plata, Belisario, Apartado 224, Bogota, Colombia 
Plummer, F. B., 504 Colquitt St., Houston, Tex. 
Porch, Edwin L., Jr., Box 573, San Antonio, Tex. 
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Potter, G. C., Box 2190, Tulsa, Okla. 

Powers, Dr. Sidney, Box 2022, Petroleum Bldg., Tulsa, Okla. 

Pratt, Wallace E., 911 Humble Bldg., Houston, Tex. 

Price, Sylvan S., 604 First National Bank Bldg., Tulsa, Okla. 
Prommel, H. W. C., 731 S. Downing St., Denver, Colo. 

Prout, F. S., Box 191, Pawhuska, Okla. 

Purdy, C. Wesley, 104 Remington Gables, Remington St., Cambridge, Mass. 
Pyle, James R., 5539 Elsworth Ave., Pittsburgh, Pa. 

Radcliffe, Donald H., 1309 E. oth St., Okmulgee, Okla. 

Rade, Henry S., 318 Humble Bldg., Houston, Tex. 

Rae; Colin C., 510 First National Bank Bldg., Denver, Colo. 
Randolph, Dr. E. O., Box 286, College Station, Tex. 

: Rath, Charles M., Box 240, Denver, Colo. 

Ravicz, Louis, Hayden, Stone & Co., 25 Broad St., New York City 
Read, M. K., 211 Commercial National Bank Bldg., Muskogee, Okla. 
’ Reed, Ralph D., Stanford University, Dept. of Geology, Stanford, Cal. 
Reeds, A. C., 3423 N. McKinley St., Oklahoma City, Okla. 

; Rees, Forest R., 46 N. Zunis Ave., Tulsa, Okla. 

} Reeves, Frank W., F. & M. National Bank Bldg., Fort Worth, Tex. 
Reger, David B., Box 816, Morgantown, W.Va. 

Reinhard, Dr. Max, Mineralogical Institute, Basel, Switzerland 
Reisher, Paul H., Gypsy Oil Co., Tulsa, Okla. 

Reynolds, Roy A., Box 1096, Eastland, Tex. 

Rhine, Elton, Box 857, Shreveport, La. 

Rhoades, Roy S., 306 International Trust Bldg., Denver, Colo. 

Rich, Dr. John L., Box 3, Ottawa, Kan. 

Richards, Miss Esther E., 326 Southern Pacific Bldg., Houston, Tex. 
Richards, Ralph, 2717 Connecticut Ave., Washington, D.C. 

Riddle, Donald D., 1651 Glenmont Road, Cleveland, Ohio 

Rider, Charles R., Madill, Okla. 

Riggs, Robert J., 419 N..Tacoma, Tulsa, Okla. 

Ring, Dewitt T., Box 804, El Dorado, Ark. 

Roark, Edward L., 400 S. Palm, Ponca City, Okla. 

Roark, Louis, 925 N. Collins St., Okmulgee, Okla. 

Roark, Ralph B., Comar Oil Co., Marland, Okla. 

Roberts, John R., Room 5009 Interior Bldg., Washington, D.C. 
Roberts, Morgan E., Apartado 150, Tampico, Mexico 

Robinson, Ernest G., Mid-Northern Oil Co., Box 1308, Billings, Mont. 
Robinson, Heath M., 510 E. Sixth St., Dallas, Tex. 

Robinson, J. F., 545 William Penn Way, Pittsburgh, Pa. 

Robinson, Dr. Wilber I., Michigan Geological Survey, Lansing, Mich. 
Rockwell, Fred G., Big Sandy Coal Co., Pikeville, Ky. 

Rogers, Ola J., Cleveland, Okla. 

Rogers, Reese F., 5046 Interior Bldg., Washington, D.C. 
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Rollin, George S., Roxana Petroleum Corp., Tulsa, Okla. 

Ross, Clarence S., 231 Interior Bldg., Washington, D.C. 

Ross, J. C., Twin State Oil Co., Box 1501, Tulsa, Okla. 

Rothrock, E. P., 312 Lewis St., Vermilion, $.D. 

Rothrock, Howard E., 503 New Wright Bldg., Tulsa, Okla. 

Roundy, P. V., U. S. Geological Survey, Washington, D.C. 

Row, Charles H., Box 1109, Dallas, Tex. 

Rowe, J. P., 341 University Ave., Missoula, Mont. 

Rowley, Alden B., 1559 S. Yorktown, Tulsa, Okla. 

Rubey, William W., U. S. Geological Survey, Washington, D.C. 

Ruby, Glen M., 935 St. Paul St., Denver, Colo. 

Ruedemann, Paul, 505 Atlas Bldg., Tulsa, Okla. 

Russ, Leon F., 206 Magnolia Bldg., Dallas, Tex. 

Russell, Philip G., Box 703, Duncan, Okla. 

Sands, J. M., Phillips Petroleum Co., Bartlesville, Okla. 

Sawtelle, George, 1815 Holman Ave., Houston, Tex. 

Schieferdecker, A. A. G., Apartado 238, Tampico, Mexico 

Schilling, Karl H., 1324 S. Carthage Ave., Tulsa, Okla. 

Schneider, Henry G., Box 857, Shreveport, La. 

Scholl, Louis A., Jr., care of C. E. Hermann, The Texas Co., 17 Battery Place, 
New York City 

Schramm, E. F., Station A, Box 1258, Lincoln, Neb. 

Schroyer, C. R., Box 749, Ardmore, Okla. 

Schuchert, Dr. Charles, Yale University, New Haven, Conn. 

Schwarzenbek, Francis X., U. S. Bureau of Mines, Winnett, Mont. 

Scott, Gayle, Texas Christian University, Fort Worth, Tex. 

Scott, H. M., 902 Petroleum Bldg., Tulsa, Okla. 

Scott, Walter W., 508 Consolidated Royalty Bldg., Casper, Wyoming 

Scudder, E. W., 1211 E. 5th Ave. Winfield, Kan. 

Sealey, Fred C., Texas Co., Geol. Dept., Houston, Tex. 

Segall, Julius, 510 Consolidated Bldg., Los Angeles, Cal. 

Sellards, Dr. E. H., 505 W. 33d St., Austin, Tex. 

Selig, A. L., 2906 Centenary Blvd., Shreveport, La. 

Semmes, Dr. Douglas R., Apartado 150, Cia Mexicana de Petroleo “El 
Aguila,” Tampico, Mexico 

Severy, C. L., 725 Kennedy Bldg., Tulsa, Okla. 

Shannon, Charles W., City National Bank Bldg., Norman, Okla. 

Shaw, Everett S., Box 240, Denver, Colo. 

Shaw, Eugene W., 11 Taylor St., Chevy Chase, Md. 

Shayes, Fred P., Box 11, Camden, Ark., care of Houston Oil Co. 

Shearer, Harold K., 510 E. Liberty St., Springfield, Ohio 

Sheldon, I. R., 1903 Tilden St., Wichita Falls, Tex. 

Shepard, Dr. Edward M., 1403 Benton Ave., Springfield, Mo. 

Shiarella, N. W., 731 5th Ave., New Kensington, Pa. 
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Shidel, Harold R., Box 865, Wichita, Kan. 

Shuler, Dr. Ellis W., Southern Methodist University, Dallas, Tex. 

Shutt, Roscoe E., 1013 Lewis St., San Antonio, Tex. 

Sickler, Jack M., Geol. Dept., Union Oil Co., Los Angeles, Cal. 

Simonds, Dr. F. W., University of Texas, Austin, Tex. 

Sinclair, E. G., 421 Devine St., Casper, Wyo. 

Singewald, Dr. Joseph T., Jr., 17 W. 29th St., Baltimore, Md. 

Slipper, S. E., 322 Burns Bldg., Calgary, Alta. Canada 

Small, Walter M., Apartado 76, Tampico, Mex. 

Smith, Carl D., 447 Kennedy Bldg., Tulsa, Okla. 

Smith, E. E., Box 143, Sioux City, Iowa 

Smith, Frank M., 3933 Revere Ave., Los Angeles, Cal. 

Smith, Dr. George O., U. S. Coal Commission, Interior Bldg., Washington, D.C. 

Smith, Lloyd B., 2617 Dillard St., Shreveport, La. 

Smith, Richard A., Geol. Survey Div., State Office Bldg., Lansing, Mich. 

Snider, L. B., 1617 S. Troost St., Tulsa, Okla. 

Snider, Dr. L. C., Empire Co., Bartlesville, Okla. 

Snively, H. N., 720 W. Spruce St., Rawlins, Wyo. 

Snow, Dale R., 2013 E. Hodge St., Tulsa, Okla. 

Snyder, John Y., 1211 Merchants Bldg., Shreveport, La. 

Somers, Ransom E., Oil & Gas Bldg., University of Pittsburgh, Pittsburgh, Pa. 

Spieker, Dr. E. M., U. S. Geological Survey, Washington, D.C. 

Spofford, Howard N., 218 Berry Ave., El Dorado, Ark. 

Spooner, W. C., Box 94, Shreveport, La. 

Springfield, Cari K., Box 1116, Austin, Tex. 

Stacy, Dean M., 704-7 Braniff Bldg., Oklahoma City, Okla. 

Stalder, Walter, 925 Crocker Bldg., San Francisco, Cal. 

Stander, Arthur E., The Texas Co., Box 912, Tulsa, Okla. 

Stathers, Silas C., Box 1094, Shreveport, La. 

Stauffer, Dr. Clinton R., 1120 5th St., S.E., Minneapolis, Minn. 

St. Clair, Stuart, 347 Madison Ave., New York City 

Stebinger, Eugene, Pasaje Roverano, Avenida de Mayo 560, Buenos Aires, 
Argentina 

Steinmayer, R. A., Tulane University, New Orleans, La. 

Stephenson, Cuthbert D., Box 923, Pawhuska, Okla. 

Stephenson, Dr. Eugene A., Box 1255, Pittsburgh, Pa. 

Steubing, W. C., 513 National Bank of Commerce Bldg., San Antonio, Tex. 

Stevens, George R., 324 Washington Ave., Shreveport, La. 

Stevens, John B., care of Associated Oil Co., Fellows, Cal. 

Stewart, Irvine E., 421 Ford Bldg., Great Falls, Mont. 

Stewart, Hugh A., Box 1580, Casper, Wyo. 
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AT HOME AND ABROAD 


CURRENT NEWS AND PERSONAL ITEMS OF THE 
PROFESSION 

H. D. Miser, of the U. S. Geological Survey, is working on a geological 
map of Oklahoma, with headquarters at Norman. 

F. W. DeWotr is with the Boyd Oil Company, 1320 Kirby Building, 
Dallas, Texas. 

Harry W. BE Lt has changed his address to Shreveport, where he is 
Supervisor of the Minerals Division of the State Department of Conservation. 

Mrs. Fanny EDSON is spending the year at Palo Alto, California, where she 
is doing work leading to the Ph.D. degree at Stanford University. 

The bulletin of the Association is in demand in foreign countries, as well as 
having a large subscription list in this country, individuals, oil companies and 
libraries making up the list. Among the foreign subscribers are the following: 
Société Anonyme D’Exploitations, Strasbourg, France; New Zealand Geologi- 
cal Survey, Wellington, New Zealand; Secretaria de Industria, Mexico; 
The University Library, Manchester, England; Geological Investigation 
Department, Mirbakhaeva, Russia; Direction des Mines, Boryslaw, Poland; 
Dr. Otto Gutzwiller, Bremgarten, Switzerland; I. Omura, Nippon Oil Co., 
Tokio, Japan. 

Harowtp W. Hoots has a fellowship at Stanford University. 


W. W. Scort, until recently stationed at Shreveport, Louisiana, is now in 
charge of the Dallas, Texas, office of the U. S. Bureau of Mines. Mr. Scott 
has supervision throughout the southwestern district which includes Texas, 
Louisiana, and Arkansas. 

H. W. Bett, P. S. Haury, and R. B. Ketty of the U. S. Bureau of Mines 
have completed their report on ‘‘The Eastern Part of Smackover, Arkansas, 
Oil and Gas Field.” The report is published by the Arkansas State Bureau of 
Mines, Manufactures, and Agriculture, Little Rock, Arkansas. 

WALLACE Pratt, of the Humble Oil and Refining Company of Houston, 
Texas, visited the Shreveport office of the company in December. 

EuGENE Homan, division superintendent for the Humble Oil and Refining 
Company at Shreveport, Louisiana, was married, November 22, 1923, to 
Miss Edith Carver Reid at Hattiesburg, Mississippi. 

C. A. FisHER, president of the Rocky Mountain Association of Petroleum 
Geologists, and Mrs. Fisher entertained the members of the Association and 
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their ladies at their home at 314 Franklin Street, Denver, Colorado, on Novem- 
ber 30. A mock trial, fake telegrams, singing, dancing, and Mah Jongg 
contributed to a most pleasant evening. 


The Rocky Mountain Association of Petroleum Geologists, at its bi- 
monthly meeting. Thursday, December 6, elected the following officers for the 
coming year: Thomas S. Harrison, president; Carroll H. Wegemann, first 
vice-president; F. F. Hintze, second vice-president; Charles M. Rath, 
secretary-treasurer. 


E. M. Parks, who has been in California for two years, has opened consult- 
ing offices in the First National Bank Building, Denver, Colorado. 


James M. Dovuctas, geologist for the Union Oil Company, is spending 
most of his time at Fort Collins, Colorado, in the vicinity of the company’s new 
Wellington well. 

C. J. Hares, chief geologist of the Ohio Oil Company, is in Denver fre- 
quently of late. ‘His home is in Denver but his headquarters are in Casper, 
and he is usually at neither place. 


A. T. Sprrnc and C. A. FIsHER are competing for leases on the Berthoud 
structure, Colorado, a structure which Mr. Spring discovered when on the 
geologic staff of the Roxana Petroleum Corporation. 


Joseru H. SINcrarr is returning to New York City from the Republic of 
Guatemala where he has been making geological examinations of prospective 
oil territory. 

J. B. Kerr, who was mapping field geology in Arkansas and Louisiana 
for the Standard Oil Company of Louisiana the past year, has moved to 
California, where he expects to continue geological work. 


J. M. Wrtson is situated in Shreveport, Louisiana, with the Minerals 
Division of the Louisiana State Conservation Department. 


Rosert S. Bure, of Fort Worth, Texas, was in Shreveport, Louisiana, in 
November. 


Orvat L. Brace, of Camden and El Dorado, Arkansas, and Miss Myrtle 
Germany were married in October and went to the Pacific Coast on their 
wedding trip. 

Lee Hacer, Leon F. Russ, and WALTER L. GOLDSTON were among 
interested visitors from other states at the recent wild-cat tests in Union 
Parish, Louisiana, in October. 

EpwIin B. Hopkins, of New York City, made a short visit to Shreveport, 
Louisiana, in November, prior to one of his many trips to Venezuela. 


ARTHUR L. ARNOLD has left the employ of the Atlantic Refining Company, 
Pittsburgh, Pennsylvania, to make his headquarters on the Pacific Coast. 
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At the annual meeting of the Tulsa Geological Society held on January 5s, 
1924, the following officers were elected for the ensuing year: President, FRANK 
C. GREENE; Vice-President, J. C. Ross; Secretary-Treasurer, GEORGE A. 
KROENLEIN; Council: R. S. McFarLanp, W. B. Witson, L. H. Wutte, and 
RICHARD HUGHES. 


Vircit A. THOMPSON is working in Maracaibo, Venezuela. 


RosBeErt N. Kou, with the Atlantic Oil Producing Co., has been transferred 
from Dallas to Wichita Falls, Texas. 


Hoyt S. GALE is now located in Los Angeles where he is getting acquainted 
with southern California geology. Gale is building a home in Eagle Rock, a 
suburb of Los Angeles. 

Water A. ENGLISH has temporary headquarters at Taft, California, 
where he is carrying on detailed geologic work for the Standard Oil Company, of 
California. 

After a rather long interval, the Branner Club is now holding its regular 
meetings. CLARENCE B. OsBORNE discussed the Kevin-Sunburst field of 
Montana on the evening of January 17. The new officers for this year are: 
H. R. Jonnson, president; ALFRED O. Wooprorp and C. R. McCottom, 
vice-presidents; WAYNE LOEL, secretary-treasurer; and PAUL HENDERSON, 
assistant secretary-treasurer. 


E. Catt Brown has gone to New Zealand on economic oil work. 


A subcommittee of the American Association for the Advancement of 
Science is now working in Los Angeles under the chairmanship of RoBEert T. 
Hitt to place appropriate signs at places in the county having particular 
geologic interest so that these natural phenomena will be brought to the 
attention of all. 


W. E. WRATHER has been in southern California this winter. 


EtTon RHINE, geologist, until recently manager of the Shreveport, 
Louisiana, office of the Amerada Petroleum Corporation, has resigned to enter 
the automobile business at Texarkana, Arkansas. 


W. C. Spooner, who has been chief geologist for the Arkansas Natural 
Gas Company at Shreveport, Louisiana, resigned January 1, 1924, but will 
retain his present office in the Ardis Building for consulting work. 


H. V. Howe, professor of geology at Louisiana State University at Baton 
Rouge, presented a paper on “‘The Oligocene of Louisiana” before the Shreve- 
port Section of the Southwestern Geological Society, January 4, 1924. 


CLARENCE B. OsBorNE, who for the past five years has been doing geological 
work in the Rocky Mountain region, part of which time he was in charge of the 
geological work of the Midwest Refining Company, of Denver, and the Home- 
stake Exploration Company, of Montana, has opened offices at 402 Security 
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Building, Los Angeles, California, for the purpose of doing consulting work. 
He has been made general manager of the Olig Crude Company, of California, 
one of the old small producing companies. 


JosepH T. SINGEWALD, JR., professor of economic geology at the Johns 
Hopkins University, and LincoLn Ettswortn, of New York, sail for Peru in 
February to carry on geologic explorations in the Andes of Central Peru. 
The expedition will be known as the “Ellsworth Expedition.” The collections 
of geologic materials that are secured by the expedition will be worked up at 
the department of geology of the Johns Hopkins University. 

W. W. McDonacp has resigned his position with the Atlantic Oil Producing 
Company to join the geological department of the Louisiana Oil Refining 
Corporation at Shreveport, Louisiana. 

LEon J. Russ, who has charge of Frankel Brothers’ interests in Louisiana 
and Arkansas, was a recent visitor in Shreveport, Louisiana. 

R. R. THompson of the T. & P. Coal and Oil Company at Thurber, Texas, 
was in Louisiana in January. The T. & P. Company drilled a gas well late 
last year in wild cat territory near Mansfield west of the De Soto—Bull Bayou 
field. 

A. E. Hartman, of Fort Worth, Texas, was in Shreveport last January, 
renewing acquaintances of Homer boom days in Louisiana. 

Haroip W. C. PromMe t of Denver, Colorado, left on October 5 for South 
America, where he will be engaged in consulting work which will extend through 
Brazil, Argentine, and possibly Venezuela. 


